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INTRODUCTION 


: All technica] facilities of the Bureau of Mines have been geared for 
i apes use and conservation of mining equipment, developing plans 
ee ey, improving the quality of coal through better methods of prepa- 
ae Studying the problems of coal storage and utilization, and extending 
aoe of coali/ for the war and postwar economy. The Bureau is now 
— “ing all of the coal purchased by the Army and much of that required 
ae Navy, Work on boiler feed water was doubled over last year to 

2) boul Increased demand made by the War Department for protecting 
ee - plants in many new camps and defense plants. Progress has 
oe ane in safely storing coal to reduce dangers of spontaneous ignition 
boise F eee and to preserve coking power. Mixtures of oil and coal to 
..,.. *S@ substitute fuel have been investigated. Technical service on 
Sion of plants to other fuels has been given to government agen-~- 


Tivate consumers. The possibilities of making motor fuel, 


' BP ea a 
Pe. Harold L., Coal’s New Horizons: Coal Age, vol. 48, No. 4, 
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ee 
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“128 and D 


PTil 1943, pp. 54-64. 3 
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oon aa rutber, ciastics, and other chemical products from coal have 
ater attention because of the neon ses of these vitel COM> 


received ere : 

modities and tne raw materials from which they are made. It is expected 
that both netrolcum and coal may be called upon to provide priznary cher:- 
ICAL PTOQNCLS MM eodition 1a The byrroducts n now produced in gas and cone- 


oven plants. The hyvdrocenation of coal offers a sche:ne for primary cor- 


VorsiomOr Coal to: bait “ang cascous 1roducis, Wwardenends tor coc 
have resulted in the discovery | of adilitional reserves of western coals 
with gocd coking prorerties or suiteble for blending with other coals for 
ee blast-furnnee coke. Improvements in the quality of metallurgical 
als by TeAucing IM purities Or con oline ie yariatin in Tau Pius 
es ‘jelded better coke end prevented loss of cutrut from blest furnaces. 


& Fuel Etficieney Camraicn co been orgenized witn the cooreratior. 
of busir ess end in istry, municipal OUieials; teats and maaniActuring 
associations, engineerin’ sociaties, real cetate boards, publishers, and 
OLaeYr IMeresiled = Yous 1 Cr: ct £ Sevines Wie hwequired Ey Covernment, 
industry, and privete consumers. Feeause of the searcity of etre Leu 
coke, the Eursau cevelored a aetied Sf Procucine, trom certain lowsasr 
coals, electrode carbon used in the croduction of ete inum. In the annual 
report for fiscal year 949.8 Loe Slay as or 2 srr Werte preven coal re= 
ae ae is Sees: indicated, and sianv cf the new developments will have 


important peacetime applicatian et ine pres ont report is the elghtn in 
a series of pee renorts Gesc:! sibinge the progress of ag arch and tech- 
nologie investigations on coal durinz the fiscal year 1243, References 


ane Given to the-publiceliens of The Eureau that report. sore Comp. tery 
on these investigations. Much of the Bureau’s work is now confidential, 
and details cannot be disclosed during the national emergency. Reports 
covering these studies wll ke available ater the war, and they wll form 
faluable source of infcrrnation for the develope nt of new uses for coal 
am Its: Proljcts, 
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This report inclides work done under the technical direction of the 
following members of the pur of the Rureeu of Ltines: 


6/ Fieldner, A. C. 7 eM Rice, Vie ey Amiel Penort Of esearch ana Tech 
noLlocie VW l 


ork on Coal, Fiscal Year [O22 Pureau of tires Tae Vire 
7941, 1943, 638 op. oe a 

T/ Fieldner, A. C., Coal Developments in Washing ton, D Me APOC wy. dS 
Fuel Eng. Conf. of Coal Bur., Upper Monongahela Valléy Assoc., 
re ag W Aes tuly 1Dae, | mp. 5-87, Also, as Rubber from 
Coal: Coal- Hoat, VOl, 43, Oe a, Jone 10 to) ps4. 
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PROPERTIES AND COMPOSITION CF AMERICAN COALS 


Inspection, Samnvling, and Analysis 


At the pede of the War Derartment, the Bureau of Mines insnectec 
and sampled coal purchased by that devartinent for the purpose of effectin: 
@ Saving in es cost cf coal by more careful and reliable inspection 
and sampiing and in operation of burning equipment by obtaining coal suit- 
able for such equipment. A similar service was rendered to other Federa. 
arencies. The analyses of these samples were made availakie to the pubii 
through public flies and publications. Assistance was given to finding coal 
es for making coke for metallurgical use in new war industries, and 

samples were obtained for carbonization tests and to determine suitapility 
of low-ash coal for use in making carbon electrodes. Coal purchases by 
Federal agencies increased from approximately 3,500,000 tons before the 
war to approximately 11,500,000 tans during the fiscal year 1943, the 
creater part of the increase beins for the War and Navy Departments. 
three sampling trucks were operated continuously and a fourth truck 
for 5 raonths to obtain samples for analyses for use in awarding contracts 
for supplying coal to the Government. This work assumed special 
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‘cance during 1943. These trucks obtained samples from 490 mines 
cates, where 1,520 samples of bituminous coal were prepared - 36 
ansas, 4 from Idaho, 62 from Illinois, 17 from Indiana, 89 from 
rom Kansas, 62 from Kentucky, 49 from Missouri, 80 from 
, 76 from North Dakota, 29 from Ohio, 268 from Oklahoma, 5 
gon, 41 from Pennsylvania, 4 from South Dakota, 132 from 
natn’ 30 from West Virginia, and 12 from Wyoming. 
= connection with the inspection of purchased coal, the Coal Analysis 
atory reported analyses of 9,822 samples representing approximately 
ae sillier tons of coal. In addition, 2,523 samples were analyzed for cor- 
rz.2tion with research of the Bureau on the utilization of coal by carboni- 
“<ion, combustion, gasification, and hydrogenation, in connection with 
methods of mining and sampling of drill cores, and the preparation of 


ern 


a.icr oil-coal mixtures, 


: 5 


Federal coal-mine inspectors submitted 10,401 samples collected 
“irsrections conducted te increase safety and establish healthful condi- 
“ors in coal mines. These samples consisted of coal and rock dust in 
varying ratios taken from roads, ribs, and roofs of mines. Limits of 
7 pe corabustible material in mine dust were determined in addition 
2 ine usual analyses of these samples. 


an eek 


An address by A. C. Fieldner8/ was presented by sound film at the 
PEL “ing of the Melchett medal by the Institute of Fuel of Great Britain. 
-.€ author reviewed the contributions of the Bureau of Mines over a 
: “4 of so years, to the development and improvement of testing methods, 
“1 t¢ir application to the evaluation of those properties of coal that are 
Tiant in its preparation and use, either directly as a fuel or for the | 
oauetion of gas, coke, liquid fuel, or chemical products. pee 


“Ar ote 


aa Ber) 
ome me > ‘ 


S of Penns: 


lvania Bituminous Coals 


: A new volume9/ contains analyses of many bituminous ccals mined 
~ rennsyivania from July 1, 1937, to June 30, 1941. This supplements 


:/ Fieldner, A. C., The Analysis and Testing of Coal in Relation to its 
Top orties and Utilization: Jour. Inst. of Fuel, vol. 16, No, 86, Oct. 
- 42 ane 4-20. Also, Fuel in Sci. and Frac., vol. 21, No. 6, Nov. - 
EQ, 


; 1942, pp. 118-128, and vol. 2a, No. 1, Jan.-Feb. 1943, pp. 4-12. 
2/ ane N.Ii., and Swingle, R. J., Analyses of Pennsylvania Bituminous 
ore Bureau of Mines Toch. Paper 645, 1942, 19 pp. 
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Bureau of Mines Technical Faner £90 (19529, 505 pp.), which contains 
earlier anaiyses and chapters on the meoiogy of the coai fields, raethods 
of minin=™ and preparation, ard statistics on production, distribution, and 
use. Individuai or averate analyses are given according to the Sources 
of samples. 


ses of Iltincis Coals 


Anal 


A compilationlO/ of analyses of Tllincis coals from the Bureau of 
Wines diles:is Presented-in. this payer, another inthe Series oi pubicetion: 
that describe the coais of individual producing States. The surface and © 
structurai features of the Illinois coal basin, methods of mining and prera: 
ticn, and the economics of production, distribution, and tses are discusse 
Descriptions of samples from the mines inclide chemical analyses, calor! 
fic values, fusibility of ash, classification of coal by ranx, thickness of 
beds, nature cf floor and roof, and partines in tne beds. Llinois ranked 
third in coal production in the United States in the seven years 19383 to 
(1989, and the oricvinal reserves of coal in the State have been estirniated 

to be 201 billion net tons. 


Typical Analyses cf Coals of the United States 


The Bureau of Mines has accumulated a comprehensive file of coal 
analyses on virtually every coal field of commercial importance in the 
United States. As knowledge of tne composition of coal is potentia!ly 
valuable to every user of coal, tne Bureau publishes its analytical record: 
Many inquiries are received cach year as to the composition of coals ob- 
tained from specific iccalities or, conversely, as to tne lecalities from 
Which a given tvpe of coal may be obtained. The pronrerties of commercis 
coal resources of the country have been summarized in tabular form AL 
specimen analyses are given exemplifying the ana_ysis cf coal mined in 
each coal-producing county, or, where it was foasicie, coal from each 
bed in the county. In addition, where enough ana:yses are available, rang 
are given within which the comnositicn cf most of the coals represented 
will fall, 


10/ Fieldner, A. C., Cady, G. H., Toenges, A. L., Maize, £.R., Fraser, 
Anderson, R. L., McBride, J. W., Snyder, N. H., Cooper, H. hM., 
Abernethy, Ril .,.Taroley, i. C., and swincle, R. J. Analyses of 
Ilinois Coais: Bureau of Mines Tech. Paper 641, 1942, 245 pp. 

11/ Fieldner, A. C., Rice, W. E., and Moran, H. E., Typical Analyses of 
Coals of the United States: Bureau of Mines Tech. Paper 443, 

1942, 45 pp. 


10034 or AO. = 


Google 


TCs 7272 


2S ln Samprline Coal 


‘,Oisture centent of coal is transient, depending on several factors: 
“is moisture normally present in the coal as it is found in the mine, pro- 
ares € mrloyed in cleaning, weather conditions, distance of shipment, 
ea « and Size of the ccal. In an investigation conducted jointly by the 
oe ene ct lon and: Coal Analysis Sections of the Bureau for the American 

; reagent Materials, the loss of moisture in the tipple-samoling 
S employed by the Bureau cf Mines, averaged 0.15 percent, 

, ess ae the tolerance allowed for moisture determination in the 
sieratory L2/ eneatedly passing high-moisture coal through the crusher 
risuts in Slight differences between consecutive crushings, and size dis- 
‘caution of the pulverized coal after the third or fourth crushing permits 
ring down to the 3-pound sample that is forwarded to the laboratory 
tantiysis. If properly protected from moisture changes, the mine 


26 os roay be taken to the surface for pulvérization in mechanical 
ae ahs 
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DPronerties of Coal 


Approximately 1,250,000 tens of 2-1/2-inch and 1-1/2-inch slack are 
pea c oa te the Denver, Colo., region each year by crushing lump‘coal and 
‘sceresning coal to make pea and modified-pea sizes for consumption in 
=e plants. The increasing production of hydroelectric power has 

ced the consumotion of coal at pewer plants only slightly. There is 
sHeation, however, that with a still greater increase of hydropower, the 
“on of consumption of sieck might be downward. At the Bame time, the 
“rd increase in number of domestic stokers has necessitated pec ates 
2 greater quantities of stoker coal, with the result that more ame iS 
28201, and preperation practices have had to be adapted accordingly. 
2 Quantity crushed has increased 12 percent duri ing the last 6 years. 
trend toward ti2 use of clean and smalier sizes for renee anes 
ack Laving a larger proportion of fines, and some use wiil hav 
veloped for the greater quantities of small slack.: The aii 
tribution of sizes, uses, and rrice differentials of this coal 
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iif Cocrer, H. M., Snyder, N. H., and Abernethy, hk. F., Moisture Losses 
in Sarmpline of Coal: Bureau of Mines Rept. of Investigations 6670, 
1342, 14 pp. 
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have been estimated.18/ The chemical and onysical properties of both 
natural and crushed slack coal have been studied. As the subbiturminous 
coals do not coke or change in shane when burned, it is important to know 
the sizes of coal fed to a burner to improve corrbustion efficiency and 
permit equipment to be designed that will burn these fuels automatically. 

It was found that about half cf the 2-1/2-inch slack can be prepared as 
small sizes best suited for domestic stokers. Perforrnance trials on do- 
mestic stckers revealed that 1/4- by 1-inch subbituminous coal is best for 
use in domestic stokers, as this size produces less fly ash and more unifor 
fuel beds, owing to minimum derradation in the stoker worm. If 1/8-inch 
dust can be removed from stoker sizes, a greater yield of suitable domésti 
stoker fuel (about 53 percent} carmbe obtained from 2-1/2-inch slack. 


COAL MINING 


Experimental Coal Mine 


y 


Decay of Mine Timber 


The support of the roof in coal mines is essential for safe operation, 
and timber is the most common means of support. Its effectiveness de- 
pends upon its resistance to decay. The theory has been advanced by some 
mine operators that rock dust, which is applied to coalemine workings to 
prevent propagation of explosions, accelerates the decay of mine timbers, 
The principal objectives of this study were to determine the effect of rock 
dusting upon decay of mine timber, to compare the extent of decay of timb:< 
in two mines in which underground conditions were similar, and to determ 
the loss in strength of the timbers after exposure to mine atmosphere. ‘Tr 
investigationl4 was carried on in the Crucible mine of the Crucible Fuel 
and in the Isabella mine of the Weirton Coal Co. The effect of rock dusting 
upon average specific gravity and crushing strencth cf oak, hickory, and 
maple timber is shown graphically in figures 1 to 12, inclusive. Figures 
7 to 12, inclusive, show the relation of. percentage loss in specific gravity 
and crushing strength of these specimens to time of exposure. The result 
of this study indicate (1) that rock dust does not contribute to the decay of 
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13/ Parry, V. F., and Landers, W.S., Size Consist, Chemical Analysis, 
and Physical Properties of 2-1/2-inch Subbituminous Slack from the 
Denver (Colo.) Region: Bureau of Mines Rept. of Investigations 8C&: 
1942, 30 pp. Also, Proc., Rocky Mt. Coal Min. Inst., 1942, pp. 69-7 

14/ Scudder, }. N., Dekay, H. E., Jr., and Toenges, A. L., A Study of Dace 
Of Mine Timber, Part 2: Bureau of Mines Rept. of Investigations 
3710, 1943, 14 pp. 
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Figure Le= Relation average specific gravity of Figure 2.=- Relation average crushing strength of 
oak, hickory, and maple specimens to time oak, hickory, and maple specimens to time 
of exposure in Crucible mine. : of exposure in Crucible mine. 
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Figure 3. Relation average specific gravity of Figure 4.= Relation average crushing strength of 
ocak, hickory, and maple specimens to time oak, hickory, and maple specimens to time 
of exposure in Isabella mine. of exposure in teabdeollia mine. 
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Figure 5.= Relation average specific gravity of Figure 45.= Relation average crushing strength of 
oak, hickory, and maple specimens to time oak, hickory, and maple specimens to time 
of exposure In Crucible and Isabella mines. of exposure in Crucible and Isabella mines. 


Digitized by Goc gle Original from 


THE OHIO STATE UNIVERSITY 


6 8 10 
TIME EXPOSED, MONTHS 


Figure 7Te- Relation average percentage specific Figure 8.=- Relation average percentage crushing= 


grevity lose of oak specimens to time of strength toss of oak specimens to time of 
exposure in Crucible and Isabella mines. exposure tn Crucible and leabella mines. 
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Figure 9.= Relation average percentage epecific Figure 10.- Relation average percentage crushing 
gravity lose of hickory specimens to time strength loss of hickory specimens to time of 
of exposure in Crucible and Isabella aines. exposure in Crucible ano Isabella mines. 
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Figure ll. Relation average percentage specific Figure 12.= Relation average percentage crushing- 
gravity loss of maple specimens to time of strength loses of maple specimens to time of 
exposure in Crucible and Isabella sines. exposure in Crucible and Isabella mines. 
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inter in tne two mines studied; (2) unon ccmrarison, the average percent- 
~> issses in specific gravity and crushing strength of rock-dusted and 
non-reck-dusted specimens of all species in the Crucible mine were found 
-c ke 2 percent less than those in the Isabella mine, and (8) loss in crushing 
srereth n of the test timbers after 18-months’ exnagure in mine atmosphere 


ranged from 40 to 54 percent for oak, 54 to 75 percent for hickory, 57 to 73 
cercert for manie, and not more than 21 percent for locust. 


Stin Underground Mining Operations 


Tne mining industry in the United States is becoming fuily cognizant 
n2aza rds of explosive or combustible dust in underground mining as 
Wei. 2S ‘in surface plants. In coal mining the dust-explesion hazard has 
‘creased as a result of the ravid growth of mechanized mining. Methods 
<r allayine dust in mining operations Lave been studied and recommenda- 
"imns rmade for the heaith and safety of msn employed in the industry 12 
.2t methods have been esplied successfully in coal mines. Wetting agents 
aed to water can effect much creater reduction in-dust than water alone, 
ard the quantity of water required may be reduced to less than half by em- 
Loying proper solutions and efficientiy designed nozzles, Adequate positive 
‘ornthiation should be carried to each working place with enoush velocity to 
carry off dust, fumes, and gases at a rate that will keep the air breathed by 
Scremen free of harmfut quantities of dust and gases. 


The Committee on Rock-Dusting, Coal Division, American Institute 
ining and Metallurgical Engineers, was formed in 19388. After two 
work, the Committee concluded that although certain portions of 


‘n8 reenre mended practice could well be revised, information needed for 
21951¢ = revision was not at hand, and it was inadvisable, therefore, to 
228 revisions. The advent of the war in Europe quickly relegated to the 
“eal or por all exnerimental work having to do with rock-dusting in the 


oe intries involved. All of the Bureau’s work along this line has been laid 
2{is for the duration of hostilities.16/ Questions are arising concerning 
-culrements for mines having operating conditions out of the ordinary. 

ivthanization and multiple-shift working pose rock-dusting problems not 
“r:cent under the simpler conditions of hand loading and singleshift work. 
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is planned to do exterded investigational and experimental work after 
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ae vines, C. W., Methods of ‘Allaying Dust in Underground Mining Orera- 
tions: Bureau of Mines Rept. of Investigations 2681, 1942, 08 pp. 

?/ Greenwald, H. P., Progress in Rock-Dusting Investigations Haltea for 
the Duration of the War: Min. and Met., Feb. 1948, pp. 78-79. 
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Multiple-Shift Mechanical Mining 


Extraction of }-illars with Mechanized Equinrmen 


‘The extraction of coal pillars with mechanized equipment to increase 
the percentace of recovery presents many problems.L// Investigations 
made in some bituminous--coal mines sugcest answers to certain inquiries: 
1. Why has the percentage of recovery cf coal from an area decreased in 
some mines and increased in others when a change has been made from 
hand to mechanical loading? 2. Can the metnod of extracting pillars by 
hand be adapted to machine loading? S. Are fewer tons produced per unlit 
in mines where nriilars are extracted? 4. Does extraction of villars by 
machines introduce additional hazards? 


A common error in equipping rnines for mechanical loading is failure 
to study natural conditions and to choose the type of equipment suited to 
them. In many instances mine design or method of extraction was not 
changed. Introduction of loading equipment, especially mobile loading 
machines, usually requires some such chanze, particularly if the roof 
is fragile. Where no thought has been given this problem, small pillars 
and stumps that normally were removed by hand-loading methods, using 
close timbering, have been lost, and recovery has deciined. Credit should 
be given to those operators wno first tried the various types of equipment 
and passed on their experience. Transition was successful usually after 
considerabie study of bed and roof conditions. 


No positive statement can be made relative to the adartability to 
mechanical loading of the metnod of extractine pillars oy hand. Hand- 
loading methods usually are unsuited for mechanicai loading devices, par- 
ticularly loading machines. The most successful hand-mining method for 
pillar removal is the nocket-and--wine in rectancular blocks. Close timber 
ing is required to recover the wing. This system has not been successful 
with mechanical-loading devices because the area is restricted by timberir 
Fillar extraction with mechanical devices, however, has been successful 
. With the open-end or thin-~sheil systems, because the rate of extraction is 
rapid. The time element in hand-loading does not favor the open-end 
method. Past experience indicates that less tonnage per day per mobile 
loading machine is produced on pillar work than when pillars are not 
recovered, The opposite is usualiy true where conveyors or scrapers 
are used. 


17/ Toenges, A. L., Maize, E. R., and Jones, F. A., Multiple-shift Mechan 
cal Mining in Some Bituminous Coal Mines. Progress Report 4. mx 
traction of Fillars with Mechanized Equipment: Bureau of Mines Inf 
Circ, 7223, 1942, 59 pp. Abstracted in Min. Cong. Jour., May, 1942 
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Figure !3.- Relation of thickness of bed to tons per loading-machine shift. 
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Figure 14.- Relation of number of men per loading-machine unit per 


shift to tons per loading-machine shift. 
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15 |16.25} 15 
men | men| men 
LEGEND 
1 Supervisors 
2 Operators 
3 Cutters 
ul 4 Transportation or 
conveyormen 
7 P| nu [| 5 Drillers 
6 Trackmen 
8] 8 LE 2 timbermen 
7 eed 8 Shot firers 
pe} 9 Car trimmers 
7 10 Mechanics 


be, 11 Clean-up men 
12 Slatemen or 


FES bratticemen 


Figure 15.- Occupational distribution of loading crewmen. 


Men underground at mines where 
pillars are extracted 


A Men underground at mines where 


pillars are not extracted 


Men on mechanized units where 
pillars are extracted 
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MANSHIFTS PER DAY 


Men on mechanized units where 
pillars are not extracted 
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Figure 16.- Relation of manshifts per day to production per day, modile 
loading machine. 
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Additicnal hazards are introduced ly extraction of pillars with mas 
nines. Motion and ncise of machines and transporting equipment and, in 
Se 1st sags the iiberation of additional gas due ie Fae exposure of 


ated or ee ed where mechanical mining is sheen l ey Roof csuement 
-$ de.ayed by rapid extraction; concentration of workers permits closer 
vision, and ventilation can be controlled mors readily. Data of various 
wanes have been plotted in figures 138 to 18, The ocutsut from loading equip- 
ricmt can be increased materially if all operations in the mining cycle are 
rrererly coordinated. Adequate number and preparation of working places, 
cunimum tramming distances and car changes are necessary to obtain 
maximum use of the loading equipment. A mining company’s chief asset 
-2 2721 in the grcund. Development of a mine to extract only part of the 


(224g net only uneconomical but wasteful of a natural resource. 
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eh ne de velopment of safety devicegl8/ for transportation equinment 
nines has nct progressed with the requirernents of the industry. 
as been a genera! impression that it is not imperative to have safety 
on such conveyances. Attention must be civen to providing those 
a 5 thet will protect the workmen in mines. Devices applicable to 
ee nd slopes include the various car stops, sprags, hooks, brakes, 
; nd derail switches. On very steep slopes, the only satisfactory 
ces are those of the Klansnic type, Ady-type rail erins, or auxiliary 
.2 grins such as the Prockter and Hardy-Tvnes cars, and cams or 
SoIety dogs with guides. The only safety devices of known value for the 
“270 gradients of inclined shafts are of the guide-and-cam type. 
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ai tiinz Lubricants In and About Coal Mines 


Recent Federal coal-mine inspections have revealed some good and 
cn2 cefinitely hazardous practices and systems for transporting, pene 
“1.7 storing lubricants in and about coal mines. Recommended practices 
i srmine ocerators and miners responsible for handling and using lubricants 
the use of fireproof buildings, small spillproof containers, fire- 
souection equipment such as foam, carbon dioxide, or dry compound-tyre 


on a tee ee 


wt/ oS G. W., Ash, S. H., and Ristedt, E. J., Some Haulage ‘Safety | 
Leviees for Use on Grades, Slopes, and Inclined Shafts: Bureau of 
~jines Miner’s Circ. 43, 1942, 44 pp. 
./ ¥ingery, D. S., Some Information on the Transportation, Storage, and 
Hardling of Lubricants In and About Coal Mines: Bureau of Mines 
tf. Cire. 7244, 1943, 7 pp. 
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fire extinguishers, rortable covered mine cars of fireproof construction, 
and extreme cleaniiness in all lubricating operations. 


Mechanization. = Vruat Is Ik? 


In a series of articles, of which the fourth, fifth, and sixth arpeare 
last year, 20/ the application of simrie machines to modern mining are 
discussed. The relationship between advances in civili zation and the degre 
to which simple machines have evolved into the mechanical equipment now 
in use at many mines can be traced. In fact, most complicated machinery 
is a combination of simrie machines. The comrcsite unit is cften so intri- 
cate that it is impossible to recognize the simplicity of its compenent parts 


wines in Mines 


The princirel events in cne complete cycle of a 4-stroke-cycle Dies« 
engine are (1) air intake on the suction stroke; (2) compression of air on 
the corapression stroke; (8) fuel injection and initial combustion near the 
end of the comrression stroke; (4) combustion and expansion on the ex- 
pansion or power stroke, and (5) discharze of combusticn products on the 
exhaust stroke. Improper functioning of the various auxiliary mechanisms 
and systems essertial to each event will interfere with efficient operation 
of the engine and miey sivnificantiy increase production cf harmful and ob- 
jectionable constituents of the exnaust. The effect on exhaust composition 
of vardables that influence characteristics of fuel spray injected inte cylin 
der of Diesel cnzines were investigated <4 Tasts snowed that improperh 
overating valves can cause the concer.tration of carbon monoxide and alae. 
hydes in the exhaust gas to increase significantiy. Leaking valves offer 7%} 
greatest potential hazard insofer as their effect uuon the composition of ti 
exhaust gases is concerned. Dirt in the fuel frequently causes trouble, ar 


20/ Iisley, L. C., Mechanization - What Is It? IV. - The Shadoof Crane: 
Mech.,, vol. 6, Nc. 7, July 1942, po. 90-S1. 

Iisley, L. C., Mechanization - What Is It? V.- The Archimedes Scr: 
Mech., vol. €, No. 8, Aug. 1942, p. 92. 
Usley, L. C., Mechanization - What Is It? VI. - The Wheel and Axle 

| Mech., vol. 6, No. 12, Dec. 1942, pp. 93-99. 

21/ Holtz, J. C., Eerger, L. B., Eliott, M. A., and Schrenk, H. H., Diese. 
Engines Underground, IV. - Effect cn Comrosition of Exhaust Gas 
of Variables Influencing Fuel Injection: Pureau of Mines Rept. of 
Investigations 3700, 1948, 24 pp. 
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overy precaution should be observed to eliminate it from the fuel-injection 
oe the injection valves. The atmosphere in which Diesel engines 
srerate Snould be examined frequently to determine whetter objectionable 
stituents of the exhaust are within permissible limits. Ventilation should 
wcreased if results of such examination indicate that this is necessary 
ti miaintein safe and healthful conditions, but under no circumstances should 
5 quantity of ventilating air be reduced below that estimated from tests 
nase before the engine is placed underground. In Gonnection with adequate 
vinthation, proper maintenance of the engine offers the logical safeguard 
S Rint excessive concentrations of objectionable exhaust-gas constituents 
vy eentrolline their production at the source. 


In previous experiments, the toxic or objectionable gases determined 
vere carbon monoxide, carbon dioxide, oxides of nitrogen, and aldehydes. 
=22S2 Of the low Salgey content of the fuels used in Diesel engines, com- 


Sc) 4257S 119 dior zide and soe trioxide were not determined. In 
4en 


—*, t.)a °° 
oy eo 


of exhaust-2as eee on operation with a fuel of this type. 
mn es all the sulfur in the fue! appeared in the exhaust gas as sulfur 
Soda and sulfur trioxide. The ratio of these two gases varied - increasing 
“nroratures of cornbustion increased the proportion of sulfur dioxide. No 
mcasuracle increase was noted in the sulfur content of the engine-lubricating 
ae 254 result of operation with the high-sulfur fuel during a limited test 
sricd, This staternent confirms the results of exhaust-gas analysis, which 
wed that, with respect to exhaust-gas composition, all the sulfur in the 
LS) may be considered as appearing in the exhaust as sulfur gases. Com- 
rh. ee ea were obtained with a fuel of low-sulfur content. It is con- 


“J 


G 


Rs oe to 0.4 percent, as otherwise ventilation requirements would have to 
2 Increased to dilute the sulfur gases in the exhaust to concentrations 
fermissible in working environments. 


2 of Diesel Loenmotives in Tunnels 


Another paoer on the use of Diesel engines in mines,23/ written from 
ndroint of the safety and health of the miners, indicates that adequate 
L 


vemLation must be provided at ail times to prevent physical damage or loss 
- 413 Irom the toxic gases generated. Observations of atmospneric 


a i ae ee a a 
ate eee L.B., Elliott, M. A., Holtz, J. C., and Schrenk, H. H., Diesel 
Engines Underground. V. - Effect of Sulfur Content of Fuel on Compo- 
Sition cf Exhaust Gas: Bureau of Mines Rept. of Investigations 3712, 
1943, 13 pp. 
as/ Ash, S. F{., and Naus, L. L., Use of Diesel Locomotives in Tunnels: 
rureau of Mines Inf. Circ. 7222, 1942, 26 pp. 
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conditions in tunnels where Diesel locomotives are in use indicated that tre 
ratio of the concentration of nitrogen c: cides to that of carbon monoxide is 
probably most often approximateiy 2.5:1, always mcre than l:! under load at 
any speed, and at times as hignas 0:1. To provide satisfactory atraosphorl 
conditions, at least 65 to 75 cubic feet of fresh air must be supplied per 
rauinute per brake-horsepower developed at maximum rated sveed and maxi 
mum load by a Diescl engine when operating in normal air. Experience na 
demonstrated that acceptabie conditions are attainable in the general tunne 
air when the carbon monoxide concentration is kept within the range 0.CQ1 
to 0.002 percent by volume and is used as a yardstick for the control of 
atrnospheric conditions. 


Combustion in Diesel Envines 


| In a study of the effects on exhaust-gas composition of adding natura 
gas to the intake air of commercial Diesel engines, 24 results were ob- 
tained that furnished considerable data on the mechanism of combustion 
in the Diesel enzine and suggested the value of adding combustibie gases 
to the intake as an experimental technique for studies in this field. Evi- 
dence is presented indicating the importance of an effect analogous to the 
lower limit of flammability in relation to combustion in the Diesel engine. 
The existence of overlean regions in which flame does not propagate is 
discussed, indicating that such regions probably are the source of carbon 
monoxide and aldehydes in the exhaust gas at fuel:air ratios lower than 
the chemically correct value. 


Coal Production and Use of Energy in the Western States 


A condensed summary of current statistics on production and use 0! 
various forms of energy in the Western States was made to determine the 
relative position of competing fuels and characteristics of western coal 
production. 29/ The energy produced per capita was correlated with in- 
dexes of industrial activity, and a formula was derived to show the 
‘interdependence of each. 


The actual amount of energy produced in the Western States is mor 
per capita than is produced in the United States as a whole. For 20 years 


24/ Elliott, M. A., and Berger, L. B., Combustion in Diesel Engines - 
Effect of Adding Gaseous Combustibles to the Intake Air: Ind. and ] 
Chem., vol. 34, 1942, pp. 10€5-1071. — 

25/ Parry, V. F., Trends in the Use of Energy in the Western States (Wi 
Particular Reference to Coal): Bureau of Mines Rept. of Investiga- 
tions 8680, 1943, 43 pp. Also, Pree., Rocky Mt. Coal Min. Inst., 19 
pp. 380-65. 
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production of energy in the Rocky Mountain area has been 
tons of coal ros caps or about 27 percent more aoe the 
he 
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; rom: O11, ane eas, and hydropower, whereas these forms of 
znersy represent about 45 percent of tetal energy produced in the United 


tn 


Tne variations in average quality of coal produced in different areas 
rocky Mcuntain Region are tabulated, and fuel-utilization factors 
vere ee ae ace the various fuels anes oni coking coals in the 


ass fae re rank, ‘The study aan a review of the status of a ids 
Ar nd pede nation of coal in ee Western hehes and oes data cn 
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> Use of Fectricity in Coal Mines 


An analvsis of the use of ener¢ey and its distribution usvally results 

a saving in co smption of energy and a reduction of hazards.26/ The 
22 Oe lor © sai 4a for siectrical eaercy in coal mines should be designed 
seer ly ener e ee ly and safel, for efficient operation of ail machines. 
wa energy supplied to a secticn load center ina mine usually is distributed 
Eee oop Uigs acme of equipment - cutting machines, loading machines, 
warngcartation units, drii’s, anc cumrs. The total maximum load fora 
sztticn may occur cnly when the operetions are simultaneous, but such 
a cecurrence shoud be infrequent and of short duration. The conversion 
instrument raust have sufficient capacity to equal the maximum load to 
nsuré uninterrupted operation. Secticn load probably can be reduced by 
cirdineting orerations, keeping track and roadways in good condition, 
reraring the face rronerly to rrovide broken coal for the loading machine 
rithus obviate digging cf the face, not starting the cutting machincs under - 
24, end maintaining the cutting bar in a level position in top and bottom 
‘3 ard on vertical planes while shearing. The least energy was consumed 

eticn in which no bottom cuts were made. The highest consumption 
“rey ver ton was recorded in a section where rubber-tired equipment, - 
vsed. The iargest consumer of energy is the main-line transportation 
cvsterr, The results of these studies snould assist in reducing waste of 
a ees lead power, | 


2s, F. A., Thomas, E., Toenzes, A. L., Maize, E. R., and Scudder, 
te oe, Analys is of the Use of Electricity at Coal Mines. Ff’ Pi gn 
Eeport 2: Bureau cf Mines Rept. of Investigations 36838, 19438, 25 pp. 
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Eixpiosions and Use of Exvlosives in Coal Mines 


To insure continued safety of permissible mining exrlosives, the 
Bureau made 149 chemical analyses, 967 gallery tests, and 2,146 eentiel 
tests. There are now 180 explosives and 9 blastine devices (Cardox) on 
the active permissible list.2 2l/ Chan 72S in these listings from last a 
have keen civen in connection with the discussion of the work of the Ex 
plosives Division.2? 


1 


Use of Sheaths Around Fermissivie Fixplosives 


The use of sheaths or hollow cylinders of flame-extinctive materials 
surrounding cartridges of permissible explosives has been developed durir 
the past few years and has resulted in reducing further the ignition hazard: 
that may cause many ccai-mine disasters. A study of the effects of sheath 
on the gaseous products from eee has been completed recently. a9 / 


In the Bichel gace, the use of sheaths for expiosives with the least 
oxygen deficiency and the smallest weight-ratio of sheath to exclosive re- 
Sulted in greater vclume of carbon monoxide; with increasing oxyzen de- 
ficiency and increasing weight-ratio of sheath to explosive, a transition 
occurred until the us2 of sheaths was attended by decrease in volume of 
this gas. Only negligible amounts of oxides of nitrogen were produced, 
except for one expiosive with the greatest oxygen deficiency and greatest 
wei¢ht-ratio of sheath to explosive. A somewhat greater total volume of 
gaseous products was obtained from sheathed ae with the lewer 
weight-ratios of sheath toe explosive, whereas for the highest ratio there 
was a decided decrease in the total volume of gas; reductions in volume o: 
hydrogen were marked with increasing cxygen deficiency and increasing 
weight-ratio of sheath to explosive. The use of sheaths led to great incre: 
jn the production of Hydrocarbons and carbon dioxide. 


In the Crawshaw--Tones apparatus, the use of sheaths generally in- 
creased the volume of carbon moncxide and hydrogen, tut high weicht-rat 


£7/ Tiffany, J. E., and Gaugler, Z. C., Active List of Permissible Explo - 
sives and Blasting; Devices Approved Prior to June 30, 1942: Burea 
of Mines Rept. cf Investications 3565, 1942, 25 pp. 

28/ Huff, W. J., Annual Report of the Explosives Division Fiscal Year, 
1942: Bureau of Mines Rent. of Investigations 3669, 1942, 43 pp. 

29/ Murovhy, E. J..Rewles,A. P., and Holtz, J. C., with Denues, A. FR. T., 
Effects of Sheaths on Gaseous Froeducts from Permissible Explosiwv 
Bureau of Mines Rert. of Investigations 2705, 1943, 41 pp. 
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a = th to expioSive and hich ovygen deficiency caused damring effects, 
“nich volumes were obtained intermediate between the unsheathed shots 
21.02uinzs of eir-snaced and unit density. In general, very small anes 
ae oxides of nitregen wers obtained, irrespect! ve of the joadins. ‘The 

me cf gaseous products produced was greatest for the an ated 
-"Slvés, least for exriosives loaded to unit density, and intermediate 
a.r-spaced loading. The use of sheaths likewise increased the volume 
artons, the lowest values being obteined for the air-spaced 


Apparently, sheaths introduced no important hazard in the production 


scarton monoxide, but they mav cause undesirable production of oxides of 


Fs Esp oar 


warlzén unaer adverse conditions. Large quantities of water added to oe 


ntaun caused the production of copicus quantities of these oxides in bot 
tries of tests. 


Jronra. Features cf Tynical American Commercial Detonators 


The developments of commercial American detonators during the vast 
ave been reviewed,30/ and the various types have been classified, 
“77 raing to their structure, into fuse detonators (desisnated also as blast- 
2 cars, fuse caps, fuse Bigg sting cans, and ordinary blasting caps) and 
- ee nators (designated also as electric blasting caps and E. B. 

tric detonators may be either ordinary instantaneous, scismo- 
kena vented delay, or ventless delay. Numbers represent- 
ee ie prises s of various grades of detonators indicate how these com- 
tT2 with the strength of standard detonators that contain either 80:2 
oDdury fulminate-potassium chlorate, 90:10 mercury fulminate-potassium 
“rate, or 100 percent mercury fuiminate. 


itis customary to define the initiating power of a detonator in terms 
“ie test used. Thus, a No. 6 detonator may be defined as one not in- 
as in initiating power to a detonator containing 1 gram of a mixture of 
-..areert mercury fulminate and 20 percent potassium chlorate. Four 
~<ll are employed to determine this strength: (1) TNT-iron oxide insen- 
sve powder test; (2) sand test (also called sand-bomb test or sand-test 
vee) @) tead- plate test (the results cf this test may be misleading as a 
“acure of strength because the size of the hole produced is profoundly in- 
ae cy such factors as the shape and diameter of the bottorn of the 
“orator and the nature of confinement of the explosive charee within the 


-“cnator), and (4) small Tranzl lead-block test. 


“/ Grant, R. L., Structural Features of Typical American Commercial 
Uetonators: Bureau of Mines Rept. of Investigations 3696, 1948, 30 pp. 
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Recent develorments, accelerated by wartime searcity of metas, 
indicate that synthetic plastics and resins may find use in future detonators. 
Detonator leg wires and !eadine wires insulated with extruded ethyl cellu- 
icse are being perfected and rive premise that other piastics may find 
similar future application. Aithough a number of structural improvements 
in detonators for reducing the hazards frorm static eiectricity have been 
supgested, the peculiar origin and causes of static electricity under actua: 
working conditions must be investigated further. Althourh no atternrt nas 
been made in the paper to describe foreign detonators, mention is made ct 
British high-tension electric detonators. These differ from ali American 
detonators in construction by havine no bridgewire; instead, the conductinz 
medium is the ignition material, wnich has a resistance of approximately 
1,000 ohms and is fired by passing a hirh-tension current througn it. 


Ty 


Approved Resniratory irotective Devices 


One phase of the Pureau’s werk in health and safety has been the 
promotion of the use of safe, satisfactory, and reliable respiratory pro- 
tective device 31/ To insure that sucn davices wlil be available, the Bure: 
has established schedules of minimum requirements for cxyzen breathing 
apparatus, gas masks, supplicd-air respirators (hose masks, air-line 
respirators, and abrasive blastine helmets, hoods, or masks), and dis- 
persoid (dust, fume, and mist) respirators. The products of 18 companies 
nave been approved. 


fini sd ing rices in Rorenoles 
Confinine Cardox Biasting Devices in Rorenosl 


Cardox blastine is used widely in coal rmines in the United States, 
with resultant certain special hazards. The increasing number of accident. 
promvted a Bureau of Mines fleld investigation of possible methods of 
nreventing dangerously violent ejections of Cardox deviecs.82/ Asa 
result of this study, and in view of the 500,000 biasts said to have been 
fired by one company without a shell ejection with the sprag-pipe method 
of Cardox blasting, it is concluded that the method described is suitable 
for preventing the ejection of Cardox blasting devices under the conditions 
in the mines in which the tests were conducted. The sprag-pipe should be 
of chrome-molybdenum steel, or its equivalent, to resist the very violent 
ejections caused by mechanical failure; and it should be as nearly as 
possible of the same diamcter and strength as the Cardox blasting device. 


31/ Schrenk, H. H., List of Respiratory Protective Devices Approved by t 
Bureau of Mines: Bureau of Mines Inf. Circ. 7237, 19438, 14 pp. 

3se/ Griffith, F. E.,and Seeling, C. H.,Some Information from an Investig¢ra 
of Methods of Confining Cardox Biasting Devices in Boreholes in Ce: 
tain Coal Mines: Bureau of Mines Rent. of Investigations 3714, 
June, 1943, 13 op. 
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A relatively shallow berehole is drilled at an angle across the mouth 
“Fine snat hole to be blasted. After the Cardox shell has been placed in 


“sition, a piece of 2-inch steel pipe 36 inches long is inserted to intersect 
antilargely cover and obstruct the collar of the charged borehole. This 

“re prevents ejection of the Cardex shell. In usins this method, there should 
-2no relaxation of the normal precautions taken to prevent injury to persons 
‘2m e'ected sheils; the shot-firer should continue to see that all persons 

222 in ine clear, to be 100 feet or more from the i:ast, to be out of line of 
“72 (arcund one or preferably two right-angle turns), and to give at least 

4 inird warning of intention to shoot before actually firing the blast. 


wasimned Blasting 


Crienting tests in connection with cushioned clasting have shown 

ner ed effects upon practical hazards that affect the health and safety of 
ciners and the efficiency of mining overations, Bureau of Mines investi- 
eas of cushioned blasting relate tc the various means employed to re- 
“cc tre intensity of application of energy from explosivé actions in bore- 
“7.38, and the division of this work corresponds to the salient hazards. 
..28€ include the ignition hazard, hazards from poisonous gases, and other 
vsctical | hazards in the blasting technique. The ignition hazard was re- 
Gd into two components of approximately equal weight. These include 
2028S of effects upon the incendivity of blown-out shots and the occurrence 

- such shots. Experimental studies of effects upon the incendivity of blown- 
“4 Shots were first undertaken, and results corroborate preliminary con- 
sey ations that gallery testing can contribute significantly to estimates of 
peel ced netfee in cushioned blasting upon the ignition hazards in coal 


wetting Or j alide Gases 3 


in the Atmosphere 


A simple tester for detecting low concentrations of halide gases in 
acsphere has been developed.984/ The tester, based upon the principle 
. “23 well-known halide lamp, employs charcoal to adsorb and concentr ate 
ae -alide-containing gases and thus greatly increases the sensitivity of 
“2 fest. It is so constructed that tests may be made (1) by aspirating the 
a >d atmosphere through it, (2) by suspending it in the atmosphere, or 
-/ Cy swinging it in the atmosphere to be tested. Experiments were 


=> SS er Sv > 
::/ Denies, A. R. T., Cushioned Blasting. IL. -- Preliminary Studies of 


Gallery Testing: Bureau of Mines Rept. of Investigations 3674, 
1943, 37 pp. 


ae nes. G. W., and Kennedy, R. E., A Simple Device for Detecting 
s7iall Concentrations of Organic Halide Gases in the Atmosphere: 
Bureau of Mines Rept. of Investigations 3697, 1943, 10 pp. 
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conducted on 20 different halide vases; resuits have proved that ccncentrea- 
Saas of less than 1 tart per million of any of these gases in air can be de- 
tected by Swinging the tester in the atmosphere for 30 seconds or lonzer, 
depending on the particular nalide gas invoived. 


ue SASUTSient-Cl The: Wane) i ectric Drear: 


Ieniting Explosive Gases and Varors 


One of the greatest industrial hazards, rarticularly in munitions 
miants, is tne ignition of explosive mixtures by static electric svarks. 
Vapors of solvents and sasolines and exniosive dusts such as those of 
metal powders, flour, arid coal are sorme maicrials that form explosive 
mixtures with air that may be imnited by static snarks. The question of 
the minimum enervy necessary for such ignition is of fundamental import- 
ance in safety programs desicned to avoid exrlo sions, as well as in 
establishing the detailed mechanism of exvliesicn phenomena. 


The Physics Laboratory at the Fittsburrh Station has developed 

apraratus for precision measurements of minimum energies for cases 
and vapors and has measured mixtures of natural zas, ether, a Conol, and 
acetone vapors with air, Ficure 19 shows the stainiess: steel exolosion 
bomb and some of its accessory apparatus, including valves for admission 
of the gases and electric condensers for regulating the capacity of the sys- 
tem. The bomb is fitted with two electrodes terminating in small spheres. 
Tne distance between the spheres is accurately set by means of micrometer 
screws. After admission of measured amounts of dry air and combustibie 
vapor, Single electric sparks are nassed across the sap between the spheres 
‘The energy in these spartiis is reguiated by precise control of the voltage _ 
on the delivery side of the high-voltage zenerating system shown in figure 
2Q and by a system of accurately calibrated condensers. The room con- 
taining the arparatus is equipped with air humidity-control apparatus, so 
that a constant reiative humidity of 15 to 20 percent is maintained. This 
investigation is bein continued to determine the conditions responsible 
for electric sparks which create dust explosions, and to develop the means 
for obviating this hazard. 


New equipment was devised for sorne of the studies of the inflamma-— 
bility and explosibility of pcwdered metals and synthetic resins and their 
raw materials (seo fig. 21). A metal-clad exrlosion chamber is mounted 
vertically, with a Bureau of Mines manometer connected to the top and 
auxiliary equipment mounted around it. The first troup of powders of 
ereatest hazard includes marnesium, aliminum, binary alloys of these 
two, titanium, and zirconium. The second srcup comprises metal powders 
of medium hazard and contains reduced and carbonyl iron, antimony, 
manganese, Zinc, Silicon, and tin. The third crounr, of least nazard, 
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eamium, copper, chromium, and lead. Appropriate portions of 
data were used by the committee that formulated a Code for Explo- 
rand Fire Frotection in Plants Producing or Handling Maenesium — 
“weer or Dust, adovoted by the National Fire Protection Association in 


‘Tey PER 
eae aut e 


ry a a) 
rs : 


. 4 
‘me 


HY 


Extinguishing Marznesium Fires 


Loss cf life, injury to emnvioyees, and destruction of property by 
oxr.osions and magnesium fires have directed attention to the necessity 
“i develoring a satisfactory method of extinguishing such fires.30/ Any 
-"Ss in prediction facilities due to fire or explosion is a blow to our war 
=-"TtS, and the seriousness of the problem is apparent when it is realized 


wat reiiner water nor any of the other generally accepted types of fire 
“comguishers will extinguish a magnesium fire, but, rather, will greatly 
“censhy its burning. Magnesium burns at 2,500° F. The present study 
“ce S20 that hard pitch derived from coal tar in granulated or flaked 
“7298 effoctive for ex 


extinguishing most magnesium fires. When carefully 


*: ao over the surface of a fire the pitch softens and seais it from the 
= = a4dition to its effectiveness, it is nonabrasive and available at 


Si OD 


“cSt. From all indications, it can also be used for extinguishing small 
“lum, Zinc, and other metal fires. 


Pigiayo 
be kh, 


Ereventing opontaneous Mine Fires in Subbituminous Coal 

The Possibility of reducing the danger of spontaneous combustion in 
cea mine in the Healy River Field of Alaska was studied. ‘his is 
*-Celbuzinous Ccoa:, and the ioss of moisture to the mine air current 
“eS shringage of the solid coal along passageways. Deep cracks open in 

“28S, and contact of air witn the freshly expcsed surfaces promotes 
ove: “kberiments indicated that coating the ribs of the passageways 
oo Suitable aspraitic-tar paint as rapidly as mining creates the new 
ee Ne Erovatiy would retard the loss of moisture sufficiently so 

~iliteeration of the faces would be eliminated and thus prevent 
ating of the surface, 
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PREPARATION OF COAL 
ery Low-Ash Coals for Production of Electrode Carbon 


For a: ; ® s 
wet otly “duction of aluminum from its ores, electrodes made from coke 
s+ ewtale a e ° Ld hd 
Y ire from ash are required. In normal times this requirement 
a Epo — 
=/ 1, H.R, Hartraann, L, and Nagy, J. Extinguishing Magnesium 
Hard Pitch Derived from Coal Tar: Bureau of Mines Rept. 


of Investigations 3672, 1942, 17 pp. 
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was filled by petroleum and pitch cokes, but with the present expansion of 
the aluminum industry these sources are inadequate. The Bureau of Mines 
has therefore searched for low-ash cokinz coals and has investicated 
methods for further reducing their ash contents for the purpose of supvie- 
menting the surply of electrode coke. The low-ash coals shown in table 

1 were selected for test; float-and-sink and Trent process tests were 
applied. The results show that the Trent process was not nearly 2s 
efficient as the float-and-sink method for reducinz the ash content of 
these coals. 


Removal cf Fhosrvhorus from Washington Coal 


The recent expansion of electrometallurgical and chemical plants 
in the Facific Northwest gave rise to greater demand for ccke containing 
a low percentage of phosphorus. Shipping desirable coke into the area froz: 
the East involves high freight charge and, just at present, consumes vrecic 
rail and ship-bottom space needed for materials of war. It was desirable, 
therefore, to produce coke frorn tne coking coals of Washington to satisty 
the requirements of these industries. Although coke has been made from 
Washington coals since 1884, little has been known about their phosphorus 
content or the extent to which phosphorus coud be reduced by cleaning. 
An investigation was undertaken, therefore, to determine the manner in 
which phosphorus occurs in the coking coals of Washington and its amena- 
bility to removal by ordinary coal-washing methods.33/ The phosphorus 
content of two beds studied ( the east No. 2 and the west No. 3 at Wilkescn, 
Pierce County) is reduced greatly by the washing procedure required to 
produce coal of satisfactory ash content. In the other five beds examined, 
phosphorus is associated with the clean coal rather than with the imnurity 
hence it cannot be eliminated by ordinary coai-cleaning methods. The 
lowest phosphorus content determined in the ccals studies was 0.043 per- 
cent; a still lower percentage might be found in beds of coking coal 
formerly worked but that cannot be sampled now. 


86/ Geer, M. R., Davis, F. T., and Yancey, H. F., Occurrence of Phos- 
phorus in Washington Coal and Its Rernoval: Am. Inst. Min. and 
Met. Tech. Pub. 1586, 19438, 8 pp. | 
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Control of Sulfur and Ash in Mine-Run Metallurgical Coal 


Uniformity of the sulfur and ash content of coke used in the iron biast 
furnaces is important for efficient operation of the furnace and, hence, is 
a factor in increasing the production of pig iron. Control of the amount of 
these impurities in the coal is necessary to obtain coke with both low and 
uniform sulfur and ash content. In some mines producing metallurgical 
coal, analysis of the coal bed shows wide variation ‘in impurity content. Te 
produce coal with low impurity analysis and minimum deviation, some 
mines practice grading, blending, selective mining, and surface preparation 
with satisfactory results. These: methods were studied with the objective 
that similar practices might be introduced at other mines and made possibl 
the use of metallurgical coal that otherwise could not be used for making 
coke because of high ash or sulfur or because of wide fluctuations in the 
content of these napaTies: 


Alaskan Coal 
The shortage of coal in Alas ka for military, railroad, ee civilian 


use is a serious problem, : involving, as it does transportation cf coal by 
rail to Seattle and shipment to Alaskan ports by siehamniaal Or Eitoneee 


To increase recovery ct apie able el at one of ie fice princi- 
pal mines in Alaska (the Evan Jones mine at Jonesville) and. to determine 
whether coal could be recovered from refuse dumps at this property, inten- 
Sive washability studies were made, as'a result of which specific recom- 
mendations for increasing the efficiency of the washing operations were 
made. Sampling and examination of the refuse dumps dlready accumulated 
revealed that approximately 50,000 tons of coal suitable for use in the 
power plant at Fort Richardson, which is being supplied by the Evan Jones 
rine, could be recovered ina simple auxiliary coai-washing plant with 
very little more labor than is required to mine the same amount of coal 
underground. The washability of the raw coal now being treated at the 
Fivan Jones mine is illustrated by the data in tabie 2, which. show the result: 
of float-and-sink tests of the 3- “inch Slack. . 
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TABLE 2. - Specific-gravity analyses of 3-inch raw slack 


Size Specific |Weicht,| Ash,1/| Weight] Ash,1/ 
Travit percent |percent {oercent | percent 


s-inch round-hole to | Under 1.35 33.0 5.8 3548 5.8 
20 mesh. tive 00.14.50 t 268 kek 60.4 12.0 
weight, 91.4 percent. | 1.50 to 1.70 | 17.7 38.6 78.1 18.4 
Over. 1.701 -2i.9 62.6 100.0 28.1 


Under 20 mesh. Under 1.35) 53.7 4.2 5 Bo Ne 4.2 
velght, 8.6 percent. 1.35 to 1.50 | 16.9 19.3 70.6 7.8 
sh, 21.8 percent.1/ | 1.50 to 1.70 9.7 ee | 80.3 Me ee 
Over 1.70] 19.7 62.7 100.0 Zils 

ocmposite, 38-inch Under 1.35 2040 5.0 SS as 
round-hole to 0./ 1.35 t0 1.50 | 25.8 Bis0 ah Mes ja | 

ast i, 20.0 percent.1/ 11.50 to 1.70:) 17.0 38.5 78.3 17.8 
Over 1.701. -24,7 62.6 100.0 Bio 


i/ Moisture-free basis. 


Briquetting Subbituminous Coal 


_ The briquetting process is a practical method of converting much of 
tat is considered undesirable fuel into a usabie form of domestic fuel.3/ 
~atoratory investigations on the briquetting of subbituminous coal and the 
“ermination of whether briquetting properties can be improved by drying 
| ‘ti steam under pressure by the Ficissner process just before briquetting 
sre discussed. A study of the properties of raw subbituminous coal con- 
“ating 25 percent moisture, steam-dried coal containing about 6 percent 
“isture, and air-dried coal containing about 10 percent moisture is 
| “rluded. The protective effects of paraffin coating were studied, and the 
“‘iguetting properties of Pocahontas coal were compared with those of 
“.thiturninous coal. It was found that briquets equal in quality to commer- 
‘2: briquets made from higher-rank coals could not be made from raw or 
siete subbituminous coal. The characteristic tendency of subbitu- 
US coals to slack and to disintegrate in the fuel bed showed itself to 
£ extent in the properties of asphalt-bonded briquets. The heating 
2 u¢ of briquets made from the steam-dried coal was about 12,200 B.t.u. 
“? pound, compared with 10,900 B.t.u. per pound for briquets made from 


wr « 
- 


“eH Coal. The former briquets withstood normal weathering better, but 


Ton OPO ae NE eee Reet eee Ben an ete 
| a Farry, V. F., and Goodman, J. B., Briquetting Subbituminous s Coal: 
Bureau of Mines Rept. of Investigations 38707, 1943, 37 pp. 
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raw-coal briquets made a better showing during accelerated weathering. 
All subbituminous-ccal briquets disintegrated somewhat during burning 
because this fuel had no coking properties. Addition of binder did not 
overcome this uncesirable condition. Faraffin coating did not protect 
Subbiturninous-coal briquets. 


The following tentative standards describe the physical proverties ct 


briquets from cight plants: (1) Compressive strenzth made through paral! 
surfaces on piliow-snaped briquets should be at least ¢5O0 to 700 pounds per 
square inch; (2) the apoarent specific gravity, measured by weighing a 
paraffin-coated briquet in water, should be about 1.20; and (3) the abrasion 
resistance should be not less than 70 rercent as measured by the percentac: 
of material passing a 0.263-inch square-hole screen after 5 briquets have 
been turnbled for 1,200 revolutions in the American Society for Testing 
Materials apvaratus for the tumbler test for coal. 


op POraG OF COA: 


Studies by the Pureau of Mines show that the loss of heating value of 
coal in storare commonly has been overestimated.s8/ Tests show that the 
ioss is negligible, The extent of slackins of coal in storace derends frin- 
cinaliy on the rank of coal. The lower-rank coals, such as lignite, subbi- 
turninous coals, and high-volatiie, high-inherent-moisture bituminous ccals 
slack from weathering much more readily tnan the higher-rank coals. 
Chances in burning characteristics may occur in some coals in storage. 
such changes are primarily important for slack-size coals. For exampie, 
the caking tendencies of the coal may decrease appreciably. Storage might 
improve the coal for use on domestic underfeed stoxers or chain-grate 
stckers; for spreader stokers it would make little difference; for large 
underfeed stokers efficiency might be affected. There also may be slight 
changes in the mineral matter of the coal, which oxidizes to some extent. 
Whether or not under certain storage conditicns a given coal will heat from 
spontaneous conibustion to any undesirable extent depends on many complc: 
factors. Satisfactory storage of anthracite dces not present ¢nuch cfa 
problem. 


To assure absolutely that undesirable heating will not develop in any 
stored bituminous or subbituminous coal,89/ it is necessary to employ 


3af Barkley, J. F., The Storage of Coal: Bureau of Mines Inf. Circ. 72385, 
1943, 14 pn. 
oo/ Barkley, J. F., Safe Storage of Bituminous Coal: The Chicago Fur- 


chaser, Feb, 1942. Also in The Ihiladelphia Furchaser, Feb. 1942. 
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Figure 22.- Storing of subbituminous slack coal in 4-foot benches in open 
pit, Great Western Suyar Co., Brush, Colo. 
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Figure 23.- Top of second bench and method of leveling. 
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w.2thoeds of storing that either entirely prevent access of air to the coal or 

efor access of enough air throughout the pile to carry away the heat 
.2raplaly as it develops. Methods that should be ccnsidered include storing 
tiaLunaer water; storing slack coal in layers 2 to 3 feet thick on hard or 
vrsracted earth or clay; storing slack coal in small, low piles, say 6 feet, 
ciuncut compacting; storing slack coal in bunkers or silos without segregat- 
og sizes; and storing sized coals with the fines completely removed. Any 
run.d rise in temperature is noted periodically. 


Methods of storing large quantities of subbituminous slack coal in open 

swere Studied further. A 200-ton iot of this coal was stored thus suc- 
; set ina dry concrete pit formerly used for Siorias this fuel uate water. 
-ine was piled higher than 4 feet. The bench was not compacted after it was 
-ve.ed, and it assumed its normal density of about 50 pounds per cubic 
“ct. Thermocouple wells were placed in different parts of the pile to ob- 
i wsormation on changes in temperature during storage. Physical and 
“temical changes were determined. Results indicated that fresh and stored 
72. were rot Significantly different. The top had slacked for about 2 inches 
- form an effective seal for the pile. Table 3 gives analytical data on the 
“cyerties of the coal before and after storage and analytical results on 
SEEPLES extracted at different levels in the pit. This test demonstration 
ao cd certain points regarding storage of this particular subbituminous 


Sak coal: (1) If air circulation is minimized by sealing the sides of a lot 

<7 al claced 6 feet deep in 3-foot benches and distributed to eliminate 
ssrogation, spontaneous combustion does not occur; (2) air enters the coal 
“cm the top by diffusion, and the rate of oxidation depends on the resistance 


. ovement of air by convection from the top; (3) the amount of oxygen ab- 

"ced ty this subbituminous slack coal stored under favorable conditions 
“r months in an open pit is approximately 0.4 percent by weight of the 

Tre net reduction in heating value is about 0.8 percent as a result of 

station, This indicates that part of the oxygen reacting with the coal 
oS off as CO» or other products of oxidation; (4) no significant changes 
“. fLySical or chemical proverties occurred; and (5) temperature gains at 
“= Pate of about 2 F. per day for 20 to 30 days were registered. Thereafter, 
“= tral was less reactive, and the temperature remained constant or re- 
“isd or advanced slightly; (6) weathering occurred in the top 2 inches but 
2s unsignificant below this top layer, and (7) engineers who used the stored 
“.210n a Chain-grate stoker reported better performance with this fuel than 
“a rcad coal direct from the mine mixed with coal that had been stored 
“asr water, probably because of better distribution of moisture. Storage 
nls coal at Brush, Colo., is shown in figures 22 and 28. 
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Figure 24.- Effects ot storage (accelerated) of coal on strength index of coke. 
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Figure 25.- Self-heating of coal from 1009 C. in an atmosphere of 85 percent 
oxygen. 
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Infuence of Storage on Caking and Coking Properties of Coal 


rour-hundred-pound samples representative of 15 different coal beds 
i: Cedised progressively in an accelerated weathering apparatus and 
“te tcon subjected to a series of tests to follow the changes in various 
‘secets of their coking and caking benavior. 4Y The lenzth of time each 


-2,°0Ld withstand standard oxidizing conditions before losing its coking 
ts? showed a sixteenfold range among the coals tested. Figure 24 il- 
oolaes the chances in coke-strength index that took place when these coals 
cre Sared at 100° C. in air. The durability of coking power of most coals 
ace predicted with fair accuracy from their analyses by the method devel- 
“., Loss in caxking tendency was followed by several different tests. Re- 


-...5 S.owed that decrease in arglutinating values predicts decreased 
“ng, of coke, and the amount of unfused char remaining in the retort 


ct carbonization can be correlated with strength of coke and also. with 


are 


a 
“« 


svzlomeratine index that is based upon classification of.coke buttons. 


itin the standard volatile-matter test. The caking tendency of. coals 


4 
ng 


~o€ Paduced ereatly by storage or oxidation long before the.true loss 


ont 


"s.the Value exceeds 1 or 2 percent. 
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. Svontaneous Heatine of Stored Coal 


ary procedure whereby the relative tendency of coais to heat sponta- 


“-+8.Y in Storage can be predicted or deterrnined in the laboratory is of 


.. 


~o-Mance to commercial users of coal who must store it in large amounts. 
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“2uve laboratory method has been developed for this purpose. 
© Sarapie of coal is dried in an inert atmosphere and placed ina 
wAcketed, cylindrical, iron container. The temperature of the coal 


ve 
a 


© .8 raised to 100° C., and a stream of oxygen is passed up through 


“7 = S0.umn, Thermocouples are placed at suitable positions in the 
.7 ata, and as the temperatures of coal rise above 100°C., the rate 


PeseQ 


~ 


EE GS ss . ‘ 
“lt Oxygen is increased so that constant oxygen concentration in 


hoe alee ee Na] 3 ; i 
“in the coal is maintained. 


rigure 20 Shows the self-heating curves obtained by testing eight 
“1 various sources. Table 4 gives the rank and the source of the 
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Paiet + Elder, J. L., and Davis, J. D., Influence of Storage on 
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— nd Coking Properties of Coal: Ind. and Eng. Chem., vol. 
“¥y 40.2, Feb, 1943, pp. 150-155. | | 
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nave been experienced in producing this coal. Tne Focahontas No. 3-oed 
sample shows little tendency to heat as compared with the other coals tested. 
Each of these coal samples gave a characteristic self-heating curve, and 

as they were all tested under the same conditions as regards particle size, 
initial temperature, and oxygen concentration, these curves are character- 
istic of the individual coal substances. The test method gives reproducible 
results for the curve for Warden-mine coal is the average of several 
determinations, none of which differed from the average by more than 

2 percent. 


TABLE 4, - The source and renk of the coals used 
in the spontaneous-heating tests 


Red | source | Rank 


Pocahontas No..3..| McDowell County; Wi Vad cssidsseiweseateescsses| LOW -VOlatlle. 
Fittsbureh .........; Varden mine, Allezsheny County, Pa. ........High-volathe . 


INA COM wéietnsteeessel cooler Imime, Coma COunty yy Ne. WiCxe--wamaine DO. 
104 waeiwaerwewsieaniee Vale PrOuUten Wine, Colds County, N, Ive kas! DO; 
DO. aeatetesontimeeave or llliant mine, Cola County, Ie WieK se <iecs Do. 
Fowellton ..........|Coal Mountain mine, Wyoming County, W. Va, Do. 
Hazard No. 4......;Columbus No. 4 mine, Perry County, Ky... Do. 
Donaldson No.3 ...iSuntrana mine, Suntrana, Alaska ....sece..soubdbituminous 


UTILIZATION OF COAL 
Cambustion 


Fuel-Engineerine Service 


The Fuel-Engineering Service is a consulting service rendered to 
Federal agencies with respect to the selection and use of fuels and equip- 
ment for burning fuels. Surveys were made of the fuel-burning equipment 
for the new Naval Training Stations at Port Deposit, Md., Newport, R. I. 
and St. Albans, Long Island, which resulted in improved operations. The 
War Froduction Board requested an investigation of a new-type magazine 
stove for fireplaces. Operating costs were compared and equipment and 
fuels were converted for Howard University, veterans’ facilities, Depart- 
ment of Agriculture, Department of Justice, District of Columbia Home for 
the Aged, Columbia Institute for the Deaf, War Department, Gallinger 
Hospital, and St. Elisabeth’s Hospital. Acceptence tests.on new equipment 
purchased by the Government were witnessed. 


2oller Feed-Water Conditioning 


The total nuraber of water analyses, 6,847, for this fiscal year is mo 
than double that of the previous year. Reports were made on analyses of 
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.72 coller compounds and 11 boiler scales, sludges, or deposits. Five hun- 
wea ninety-three special Bureau of Mines field boiler-water test kits, 

soy botties of cnemical reagents, and 1,260 test-kit items were distributed 
- rine Fosts in this country and overseas. An investigation was made for 
V2 War Department on compounds of amines for alkalinizing the steam 

2 nie nsate in return lines. At the time of the investigation the Army was 
“3ng amines at a cost of about $50,000 per year. By devising a new type 
‘Tindicatcr different from that supplied by tne manufacturer, a saving of 
aut €8,0CO is expected in the use of this material. 


- 


t 


The questions and answers handbook4!/ was revised and brought up 
. aes This handbook gives information about boiler-feed water to boiler 
are who have not studied chemistry. The boiler operator must apply 
2cnemistry, whether or not he understands it. He usually receives, 
ot uinment, instructions as to “‘how’’ to proceed; but if he does not 
me sar? , he cannot achieve full effectiveness. This handbook will help 
a 5 crer ie to understand the essentia:s of boiler feed-water conditioning. 


Tannin and Similar complex organic materiais are being used in- 
sscasingly in boiler feed-water treatment.42/ For example, the phloba- 
eget A eeeeaer will frequently reduce dissolved oxygen concentration, 
“revent hard scale, retard clogging of feed lines and injectors, and inhibit 
‘“aisiic embrittlement. Analytical procedures were developed for determin- 
.” 4issolyved tannin. It has been found that the concentrations measured 
ce Insse tests can be correlated in some degree with quantities of tannin 
iand with experimental determination of their effect in the boiler water. 


For over 380 years, investigation and discussion of embrittlement 
“7 revolved around research from a few laboratories in the United States 
z.din one or two foreign countries. A summary43/ of the papers composing 
“2 Syracosium on caustic embrittlement under the auspices of the Joint 
‘ scarch Committce on Bolier Feed-Water Studies of the American Society 
ive -<chanicai Engineers shows (a) how to determine that a boiler water is 
erie and (b) methods that may be followed to make it nonembrittling. 
-i:ciive chemical inhibition of embrittlement presumably results from the 
--4°2lon of the treating chemical with the steel surface to produce a 


~ 


oe 


M 


rarkley, J. F., Questions and Answers on Boiler Feed-Water Cone on 
ine: Bureau of Mines Handbook 8, 1943, 121 pp. 
“/ Eerk, A. A., and Schroeder, W. C., Determination of Tannin Substances 
in Boiler Waters: Ind. and Eng. Chem., vol..14, No. 6, 1942, 
rr. 450-459, 
z/ Sehroeder, W.C., and Berk, A. A., Summary of Papers Composing the 
Sr padl e2 as on Embrittlement: .Trans., Am. Soc. Mech. Eng., vol. 


fo 


c4, No. 5, July 1942, pp. 427-4380. 
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protective film. The results obtained hy the contributers are grouped to 
show that certain tannins, especially those of the quebracho tyne, will re- 
tard embrittlement gig: in test soccimens. Relatively low concentra- 
tions are sufficient, even at high pressures. The protective action probably 
decreases around 00 psi, althourh tre tannin has been used successfully 
in Several cases ai 050 psi. Lignins Will prevent cracking of test Speci- 
rocns in many boiler waters. COne investigation has indicated that their 
protective action may be increas _ by the use of a small amount of sodium 
nitrate. Sodium sulfate did not prevent embrittlement cracking in the test 
Srcecimens. The combination of sodium sulfate and sodiurn chioridea does 
not prevent cracking in embrittlement-detector tests at pressures higher 
than 250 psi. Boller water containins sodium hydroxide in arpreciable ccn- 
centration cannot be treated witn sodium pnospnate to prevent cracking in 
specimens. Embrittlement can be prevented by eliminating from the boiler 
water all alkalies that will yield sodimn hydroxide when the water is con- 
centrated. The pH in the boiler water is then maintained by the use cof 
sodium phosphate. Sodiurn nitrate appears to inhibit embritticment in the 
detector tests, at least up to 300 psi. 


smoke Abatement and Air Pollution 
Work was eontinued on the formulation cf a model smoke law by a 

committee of the American Society of Mechanical Engineers. In ae present 

war emergency, industrial production of the Nation is being acc¢ierated. 

omoke-regulation departments of municipal and State governments can 

help materially in solving prebiems of efficient burning, coal storage in 

homes and at plants, and coal ailotment. an) 


Fach winter as furnaces are liynted for heating and cooking, carbon 
monoxide has taken its toll of deaths and serious accidents.48/ Coal, coke, 
wood, oil, gasoline, kerosene, natural “as, and manufactured pas may pro- 
duce carbon monoxide on burning. Many unsafe neating apnliances are bein; 
used. Methods of preventing such accidents are presented in a paver on 
the danger from carbon monoxide in the home. 


q 


44/ Barkley, J. F., How Smoke-Regulation Departments Can eae in the 
War Froject of the Control, Allotment, and Conservation of the Naticr 
Coal: Smoke, vol. 9, No. 8 July 1942. Also in Solid Fuel Eng., vol. 1, 
No. 11, Aue. 1942, pe. 6-7, 

45/ Berger, L. B., and Schrenk, H. H., Danger from Carbon Monoxide in 
the Home: Bureau of Mines Inf. Circ. 7233, 1943, 8 pp. 
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It wil: te very helpful to the whole war 1 program to have every house- 
ricer and plant orerator use fuel without was ste 48/ This cifers a practical 
204 <itective way for everyone to contribute to the national welfare, The 
rrcciem of seving fuel is one of Saving heat. It kas been estimated thet 
wei) Coal miners workin« cne year would Le neaded to mine the coal that 
tence saved by proper preparation and efficient use of equipment, that is, 
vy boproving comcustion, blowing down boilers as little as possible, stepring 
228, ard insulating all possible hot surfaces. 


ease 2 Irsulation 


ne of the chief elements in fuel saving is insulation. 42/ To the ordi- 
nary home owner, insulation is simply a more or less effective barrier to 
Sitzin neat in winter and exclude it in summer. Comrnon insulating materials 
222 mineral wool (alse called rock wool, glass wool, and slag wool), veceta- 
“4 ard wood fiber in various forms, asbestos, insulating boards made of 
Vosetabie or inincral products, vermiculite, diatormite, pumice and other 
cscus rocks or earths, magnesia, aluminum foil, sawdust, animal hair, and 
MTs, Aside from the conservation of fuel, insulation also assists in main- 
ining comfortable temperatures without subjecting the occunants of rooms 
| oo and drafts, thus protecting public heaith; protection against fire 1s 
“itner function of insulation; homes well insulated require redecorating 
cS frequently, because side walls and ceilings are kept drier. 


Utility of Burner Flames 


Cn ignition of an explosive gas mixture, combustion takes place within 
2 2arrew gone, separating burned and unburned gas, which propagates asa 
uyrhen’s wave, in a direction normal to itself, into the unburned gas at the 
2.5 at which combustion reactions are induced in successive gas layers 


-/ Rarkiey, J. ee How to Save Fuel at Home: Bureau of Mines Inf, Cire. 
7229, 1942, 5 pp. Also in Coal-Heat, vol. 43, No, 2, Feb, 1943, 


ney, Je I’., Prevent Fuel Waste for War: Power Flant Eng., vol. 
47, Mo. 4, April 19438, p. 75. Also in Ind. and Fower, vol. 44, No. 4, 


Avril 1943, pp. 140-141; Siverdision, VO1e Oy NOs: April 1943, Dp: 18 
Coai-heat, vol. 43 No. 4, April 1948, p. 10; Combustion, vol. 14, No. 10, 
avril 1948, p. 47; Coal Herald, VO fy NOs Te hori 4 Deke 
Heat. and Vent. vol. 40, No. 5, May 1948, p. 40; and Sou. Fower and 
ing., vol. 61, No. 5, May 19438, p. 100, 

‘'/ Bowles, Oliver, Home Insulation with Mineral Products. Conservation 
ct Fuel for War: Bureau of Mines Inf. Circ. 7220, 1942, 11 pp. 
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by the process of heat transfer (essentially conduction) and diffusion of 
active species. The rate of rrogress cf the combustion zone is called the 
burning velocity. It has beens siowne/ that a burner flare remains statior-| 
ary above tne orifice because there are regions, either near the rim or near 
an ckstruction in the streain, such as a grid over the top of the burner, wher 
the gas velocity equals the burning velocity. This balance is destroyed wher 
the gas velocity at the boundary of the obstruction is reduced below a criti- ¥ 
cal iimit when the flame flashes back; when it is raised above a higher cri- | 
tical limit, the flame blows off. These two limits are independent of burner. 
diameter, except for extreme sizes. Their values can be determined from A 
4 
hydrodynamic equations and data on gas velocities at the flashback and blow 
off limits. This was done for mixtures of natural gas and air and for ordin- 
ary upright and inverted flame cones. The latter are formed when an ob- 
struction such as a wire is mounted in the center cf the gas stream. (See 
fig. 27.) The gas-flow pattern was studied experimentally by photographing 
stroboscopicaily illuminaied magnesium oxide-dust particles. (See figs, 26 
and 27.) No aprreciable redistribution of velocities over the cross secticn 
of the stream was observed below the combustion zone. The burning veioct 
was found constant over the surface of the inner cone except at the tip, whe 
it increases to the axial gas velocity, and at the base, where it decreases 
to zero. The experimental flame-cone outline and flow pattern agree with 
the theoretical within the limitations imposed by simplifying assumptions. 
The temperature Cistricbution of the flame was determined by the sodium 
line-reversal methcd, cnly the center of the flame being colored. (See fiz. 
23.) 


Froperties of Coal Ash as Related to Clinkerine and Slagrin 


The study of the flow pronerties of coal-ash slags at high te oars 
has been continued, with particular emphasis on oe behavior of slazs in th: 
range of plastic viscosity, that is, wnere crvstais of Solia material are Ce 
sent in the otherwise fluid material. These crystels interact to produce 
the effect of an internal structure, and an internel eee stress is said to 
exist for the slag. A definite amount of stress must be applied to sich a 
Slag before shear will occur at a measurable rate, as opposed to purely 
liquid slags where the application of any stress results in a strictly prono! 
tional rate of shear. This factor is extremely important in fixing the thick 
ness of slag on the heat-absorbing surfaces of large central-station boiler 
because the development of an internal structure ina slag reliably preve nt 
the flow of that slag under nominal leading, such as the action of gravity. 
Thus, slag deposited on furnace wall tubes will tend to become excesSively 


48/ Lewis, B., and von Elbe, G., Stability and Structure of Burner Flames: 
jour. Chem. Phys., vol. 11, 1943, pn. 75-97. Also in Carnegie Inst. 
Tech., Coal Research Lab, Contribution 109, 1948, 55 pn. 


a) 
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ca ‘4 ifthe temperature at which the slag can develop a structure is hicha 
ayers sj to furnace temperatures; this excessively thick slag will serve na 
rally insulate the wail tubes arainst the high termneratures in tne fur- 
nacg, and the output of the water wall tubes will therefore be reduced. If 
“2 te ae to develop an internel structure does not exist, the siaz will 
-waurder the irfluence of gravity, and the thickness of the resultant slac 
2yer will be determined only by the liquid viscosity of the siag and the 
sareracure gradient through the deposit. The muthods cof test develored 
. an investigation permit measurement of ce at ae this 
smcture ls effective and quantitatively to determines its magnitude. Frevious 
eth on tais phase of the investigaticn was ccncerned primarily with the 
eve. cement of satisfactory methods of test; experimental work this year 
“nsisted of routine determinations of these flow properties for a iarge 
ner of synthetic slags having comrositions representative of the 


in co common coal ashes. 


cid Fueis on Tre ve] ing Gretes 


| fuls investigation is concernad with det. 2rmining the fundamentals 
~~sived in tae combustion cf fuel on the crossfeed principle. Tests have 
“c2n comniated on four coals ranging in rank from hnigh-volatile A bitumin- 


ix 


de a Ssobiuminous B from Coiorado. Fundamentai differences in tne be- 
foe % various fuels have be2n obs served, including an increas? in the 


ane 6 ar co . 4 
ce ignition travel with decrease in rank for anthracites; whereas with 
eG ees 

i one in = weed eve utilis A oe oe the a & eslatieti 


chet. 

=e ie St Oncur Soians Som bustion can ta ke ae Tne eer s 10° wed 

ne (=) rate of lenition travel varies only with thin-burning-layar fue! beds; 

3 ie redrying the cai in the lower portion of the bed before ignition may 

Seer caat ine isniticn and burning rates in this zone; (3), higher temrper- 
urnace apparcntiy acts to increase the rate cf ignition travel, 

_ py “eduction in size cf the ceal because of breakage on heating can cause 


mes “hd rate of ignition travel than would have occurred for the 
“Ay Charged fuci, : 


al 


ct Solid Fuels by the Imnition-Point Method 


cen ey of the fucls being tested in the crossfeed investigation has 

Coopyed -d in the ignition-point apparatus to permit correlation wiih 
ee 1 Ourning characteristics. Reactivity tests also have been made on 

> ele from charcoai to high-temperature coke, the same fuels being 
senhip mentally in an open grate, where it was found that a definite 

existed between the reactivity and the time required for the 
, “4Ch the maximura burning rate. This relationship was most exact 
"+4215 Of moderate reactivity. It was found that computing the reactivity 
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as tie logarithm of the seli-hcatine rate of the Ine in oxy?en at a timcer 
ature of 500° C. was most useful in using the data from the ignition-pein 
anoaratus. If this value were decreased bolow a certain critical quantit; 
tne fuel would no longer be s¢ s Aipstbet ys ty, WCese a Conine — wens 

beine burned, the resuli tant coke would extinguish umess lt had a crester 
Pegeuvity. 
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tixternal Corrosion of murnace-Wail Tubes 


Many large central-station bolers have been forecd out of operat 
for replacement of wall tubes because of thinnines of the tubes by oxterna. 
corrosion. Investlivation showed that the Sendiionc aUSine COrresich 
were identified with the conincsition of the cases in contact with tne tube 
Wall, CGFrOSiOn OCCUrring Ia Colliite Dattiern Wherever the geses were 
reducing, that is, when Cy coniain.d more than 1 percent carbon money 
ide. Introduction of air throven the sracces between tub2s or readjustmyz 
of burners to maintain oxidizing conditions at the tube surfaces essentin. 
prevents further attack. Laboratory work has been directed tewaris 
identifying the constituents presznt in corresion products from actusl 
tube surfaces, of reproducing these corrosion products ry controled 
tests in experimental furnaces, of studying some of the systems involv<¢ 
by means of X-ray diffraction and other methods, and cf consideration © 


fe 


og 


at 


teraperature gradient, rate of heat transfor, and th: a conductivity ot 


normal deposits in affecting the rate at which ccrrosion can occur. 
Prevaraion end Combeusiion.ol Minuires Cl Com and Ol 


The shortage of ful oil in parts of the United States has revived 
oe in the mixing of oil with coal to produce a fucl suitable for use 
oil- ygynins industrial furnaces witheut material alteration in equip- 
meer id In marine ene oil-coni mixtures have two fundamental ad- 
va antages over oil alo (1) Coal is more universally distributed, and 
shioping difficulties, Pa at least part of the fuel, may be decreased; an: 
(¢ .) the heat content per unit of volume is about 1 to 4 percent ereater, 
wuicn allows some saving in bunker space. During war, however, any 
lncrcase in the ash content of a fuel used ior merine purposes is un- 
desirable, as it may increase the oil slick produced on the surface of tr 
water. The higher the ash contént, the longer the trail is visible ane tr 
more easily it may be followed by enemy vessels. The davelopment of 
il-coal mixtures for use in stationery oil-burning equipment wes stucii 


amen «a nn re ete rm | ee ee ee ee 


49/ Schroeder, W.C.,, = of Mixtures ef Oil and Coal: ‘Mec ne ay Ee 
64, No. 11, 1942, po. 793-504. Sei ion and auther eee =: 
Meche Me ac Vol. 66, No. 4, April 1948, po. 278-234, 
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‘The mast difficult probiem in dealine with oll-coal mixtures has to 
ac dtoh aoerin: z the @oel in suspen nsion, Where burning dernonstrations 


- @Aaieeil faci have been made, tne results have apparently bean quite 


ceoweshil, However, the tests vsually have becn conducted on small 
: ie fe r réeiatively snort periods of time end there has been a distinct 
etne details of the tests. More extensive 


Pee TOC SOT VS Cri mal Se pubie tee 
. i - : . 4 ~ 39 
vs must b2 mads before there can be any widespread use of “colloidal 
cot eI Bro erties: Cr eerie Coals 
Inthe Seve y of ineCokine piers of American ccals, carboniza- 
otates to deter- 


t 

Svre Mets Cn Co21S ond Con. Picnds from var ye 

peels ie ror Le red icticn of mictaliureical coka. .The caroon- 
Me. zo mine, Coketon, Tucker 


Ly (racertics of see seSHEM (ogi 0010 re ols canialo ne 
se ree~ VET Va Er) "roy - , yo au * ' a 1 a Ny ? : ‘ YP} 
oth a Vue) Were Astermined oy the Eurcal ci een arican 


oSé asseelation (DM-AGA) method. Bionds containing ¢0 and 70 percent 
- -Lecurnebed (Warden tajnc) coal were carbonized in the 18-inch ratort 
ee Rekerstown cecal ranks as 9 medium-volative cool containing 

= PCO dig ca ren nuen heriry, oe ter-frec basis, 21.6 
es agi mater; bs ore ene BG, 160 mere Mt Si fur, 2nd. So heatins 


<4. 514,470 Bote. per pound apen ie As-carconived basis, The ratio 


— a carbon to volatile ae oy was 3:1, and the softoning tzoraperature 
- 2 aS was 2,450° F. These properties fulfill the ccneral specifications 
Of Cosine co Milerosconic analyses showed that the composition of 

: ACpTOMIMateS thar Of An averave bDricit coal. “ie column 
ia he reint in the mine where the ea rbonizing samoie wes 
ester pate d 91 nercent bricht coal. The yisid of coke was hish for 
a Sahin iatile: coal; but because Bakerstcwn coal is hieh in that rank, 

Results of physical tests of the coke 
L 


8 + Nees, 
i 5 ” 
wpe 


-- eee Sk 


\9q) 

~ db 
ce |“. Loe 
nate thon at 


~~ 


2 F058 Hore consi ler od normal. 
Sed tit it was occeedingly stable. Blunding with Fittebureh coal 


~wPScel the vieid of cole and increased the yiclds or ¢ toe carbonization 
erat 

* 2608. The-eOle: Trova the blends wais not as: stable, but it had cod 

filed provertics thet oe favorably with those of Coke inem Diends 


: i “Tanenias ard Pittsbu Ti eoals. Pakerstown coel exvanded 9.8 psrcent 
“rz Oarbonization at S 50° C. when charged at a density of 65.5 rounds 
PCIe iol. It shoul! bous3e wil calico iit Eyprcade? ovens. 


Lf DoS; Ds, Pevuolucy Date, Corum, Gs Ci, ond 1clm 'syC. Ik, Caorbon- 


: ing Ie -ropertics aaa -etrogrn chic Com 90 ajt 19n } of Bakerstown-bed 
Lucker County; We Vaa and ie 


o78al from Mo, 23 raine, CoKketen, 
Eiioct. of Bloniing Tis Ceal with Fitts ie orth-bed Rca miine) 
Coal: Eureau of Mines Tech. kaper 64 1942, 4€ pr. 
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"Phe Cavooni tin Eroucrtles Gnd potroeray hic Cariposition Of No. 2+ 
eG Col irora: BaArtoy Pime and Na... Sebadieos | irom. Valkeson=Niller 
mincal/ were determined. The coal is 26 roreent bright and contains 
ONLY 2-1 See-01 Tussin. “ne Wrsnieu eee C ae :4 11.4 percent ash, 

- GB SOrCont MAG iSturs,.and 0.6 percent cultur Upon tie as-carbonised D2s1 
nd 03.4 percent fixed carbon upon the drv, mineral-matter-free basis. 
tne heatine value was 10,189 lsrich) Pane e049 ate upon the moist, minerai- 
IAC ret eee- Dasisc. nae 2 therefore ranks as a hivh-volatiie A coal and is 
Were es eas See out Tor its SS Conte, Tie Cua Ttlills tao re 
aa ema Of colin C7al.. Tistichiity 1S 0o.0 cercent., “The ae. luis: 
ies — (Cooter tae Lor -Patia-on Silicon Carbide 2O.Gor 16 Wien; end te 
Srlcity iS iow for hich-voletile A coal, Like the No. @ coal, virtually 
all ne Noy OD COOL IS rien. with Only rece OL tusian. I-contains oo.7/ 
porcent Fixed carbon uren the dry, minerel-metter -froe basis ana nad 2 


= 
- 


beating value of 15,095 B.t.u. per pound upon the moist, mineral-matter- 
free basis. The coai therefor: panks AS & ble ewe ‘atile A coal, altiough 
it is low in that rank. a Comtoined:- 1.7 percent miei stirs, 0.0 Derecont ash, 
nS O50 Percent. < tor Me CornlonizeGs Pic fr abt ‘ity index was 71.3 


srlutinatine index 0.6, <a plasticity index cod diel divisions 2 minute. 
cont 16L th Syl. Ol Syne Siete, Vilch Was hich fp beta Nes 2 
and NO. Ovals, the VicldsS Wore nonMicer tom the Tonks cline Tres active 
coais. Fhysical tests showed th at No, 2 coke was aoe Oneor And thst NGOs 5 

coal yleids weaker coke when vunerally is obteined from high-volatiie «\ 
Cons; 


The composition and carbonizine propertics of high-volatile A 
Tegeart- ae ena] from Nos. 30 and 3] rnines, bynch, Harlan County, I< v., 
Were inv estirated 22 This coal ranks as 2 high-volatile A bituminous 
coai. It ee ined 33.8 percent volatile matter, 2.6 percent moisture, 5.4 
percent 2sh 7.9 pe rcent Oxy ton, 2nd OS percont sulivr, os carbonized. 
TReSe properties Tuifill the eeneral chemical specifications for @¢s and 
ie coals. Thess: coais usually contain a Saale percentares of 


Ssplinty constituents. The friability index was 27.0, whereas Muidity was 


oly DVIS. Jig td Cynolis, Ds Aaocriunky Ge Gy. TOltes) Cea ad 
McCartney, J. T., Carbonizing Froperties and Fotrographic Compo. 
Sition of No, Z=abed Coa. trom Partoy mince eand.e. o-bed Coal fram 
Wilkeson-Miller mine, Wilkeson, Fierce County, Wasnington: Bure: 
of Mines Tech. Faver €49, 1842, 4¢ pr. 

02/ Davis je De eoynoids; Di Bay CP incGeCy And Holmes, Cilts, 
Carbonizing Fropertics end Pctrogrnaphic Composition of Tagzart-+ 
bea-Coal irom Mines: 30 and 31, i.ynen; Parien Coun KY ej ond 
the Effect of-Plending this Coal witn Focahontas Ne, 3- and 

fo, 4-bed Coais: Eurcau of Mincs Tech. Paper 650, 1943, 40 pp. 
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very figh (1,125 dial divisions per rinute)-and the temperature range of 
Soe 


“ely (24° C.) was short. The coke was more resistant to breakage 
Pa fe was more abradanic. Blending this coal with l-ocah ontas 
1No. 4-Led coals increased tha yield of coke and decreased 


by sw 


alia 


2 yelds cf cas, tar, and light oil. The coking power does not 
isteriorate ractiadiy under ordinary storage conditions. 


Carbonization tests were made ona sample of McAlester. bed coal 
am the No. 10 mine at Dow, Fittsburz County, Okla.83/ This coal is 
- n-vo.athe A, Blends were made with low--vciatile Hartshorne coal 
fy: mmine 17 at Bokoshe, LeFlore County, Okla. The ash and sulfur con- 
of McAlester coal are weil within the limits set by the American 
as ¥ for Testing Materials for coke. and gas-making coals. When 
cae ufur Fartshorne coal is biended with low- sulfur McAlester coal, 

2 sutur content of the coke rernains well within the limits set by the 
S lety 'y. Itis believed that the cokes would | cive Some trouble from 
vansering of the ash if used in a water-ras set or for domestic heating. 
2 “2 wh3.e, the yields of products from ‘the coal were satisfactory either 
28 acverercent McAlester coal or ina blend. Physical tests showed the 
“ig to be medium-grained, small-size, and highly fissured with result- 
22 8 onsieraple dezradation in size in shatter and tumbler experiments. 
ae ving with Hartshorne or other nearby low-voiatile coal improved 

2 Enycical characteristics significant; y. Coking power is. lost rapidly, 
neat ‘0 Oxidation, and the coai must, be stored with care. 

For the purpose of determining the behavior and usefulness of high- 
“cit, high-volatile coking coal, such as that mined in Kansas, 24/ in the 
cachor of coke and subsequent generation of water gas, a coal from 
= bevier bed, Kansas, was used ina series of tests. The coking proper~ 
725 0 this fuel are such that it can be coxed in slot- -type ovens without 
oot the oven through swelling during carronization. One of the 
-rorert factors iimiting the use of this ccal is the nature and character- 
sy oitsash, The ash has.a very low softening and liquefaction temper- 

“28 Because the ash is high in both PeoQ09 and CaO, it produces severe 

“itt clinker to such an extent as to interfere seriously with oneration of 

oWater-cas machine. Viscosity measurements on coal-ash slags of 
“cuar composition showed the slag to be exceptionally fiuid. The sulfur 
“Tent of the coal is indic cated as being important when the ash also 


od 
Ww 
eo oe 4 


cb 


Se.) on and Reyno:ds, D. A., Carbonizing Properties of McAlester 
ed [eoal from Dow No. 70 Mine, Dow, Pittsburg County, Oklahoma: 
Oda, Geol. Sur. Min. Rert. No. 16, 1942, 13 pp. 

u/ Cds], W. W., Carbonization of Bevier-bed Coal-from Kansas and 


rroduction of Blue Watcr Gas from the Resulting Coke: Bureau of 
Vines Reot. of Investizations 3671, 1042, 21 pp. 
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oe 


ae . . set ae, 


Google 


contains considerabie CaQ as caicite, because of the rossibie formation 
of calcium sulfate witn correspondingly highly fluid slav. Coke can be 
made from this fuel in either the Curran-Knowles or Konpers ovens. 
Vator gas was made from the coke male in Curran-Knowles ovens, and, 
largely because of the prceperties of the coke-ask, the coke is not recom- 
mended for use in miaking weter cas in gencrators having mechanical 
erates, 


Comrarative Yields of Froducts from Cartonization Tests 


The yields of light oil, tar, and constituents from carbonization 
tests at 800°, 900°, and 1,000° C. on coals from 32 beds were compared ct/ 
This paper points out the effect of variation of carbonization temperature 
on ylelds of certain products now very important in the prosecution of 
the war. The origin and analyses are civen, as well as the yields of tight 
oll, benzene, toluene, tar, and tar aciis, in gallons per ton of coal carbon- 
ized; Yields of navpnthalene, anthracene, and ammcecnium sulfate are given 
in pounds rer ton. It is indicated that, in general, increasing carbonizing 
temperature increases the yields of light oil, benzene, naphthalene, and 
anthracene; at the same time the yields of toluene, tar, tar acids, and 
ammonium sulfate decline. The effect ci d2creasing rank is to increase, 
on the averate, the yields of light oil, benzene, toluene, tar, tar acids, 
and ammonium suifate. The nannthalene and anthracene yields usually 
Show no particular trend witn decreasing rank, excerpt when considered 
at the different carbonizing temperatures. Narhthaiene increases with 
decreasing rank at 900° and 1,000° C., but at 8C0° C. the highest yield is 
obtained from the iow-volatile coals. At 1,009° C., anthracene increases 
with decreasing rank, whereas at 600° and 900° C. the medium-volatile 
coals yield the least. 


The method now in general use for analyzing licht oil for benzene 
has been found satisfactory for light oils from coals carbonized at 500°, 
600°, and 700° C. but dees not give accurate, reproducibie results for oils 
from the 800° C. tests. An improved method of determining benzene in 
medium-temperature light oils has been developed 2b 


5b/ Holmes, Ce Rs Wilson, J. B.,and Davis; Is. Ds. Comparative Yields 
of Light Oil, Tar, and Constitucnts from Carbonization Tests at SCO 
900°, and 1,000° C: Bureau of Mines Reot. of Investigations 3395, 
1943, 12 00. | 
66/ Roeckenhach, L. P., and Reynolds, D. A., Improved Method of Deter.- 
rnining Benzene in Medium-temperature Light Oils: Bureau of 
Mines Rert. of Investirations 3519, 1943, © pp. 
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Figure 29,- Gas-heated 90-pound carbonizing unit, 10-inch circular retort. 
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Figure 31,- Experimental coke oven, 6- to 24-inch coking chamber. 
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ccoratcory ‘Tests of Coking Properties ci Western Coals 


Accrreiation of ana:ysis of coal, col:ing indexes, and experimental 
vine tests (tables 5 and 6) of 23 representative western coals suprorts 


. a +. 
. - a 


“aie Conere | Conclusicnsa: 


Tas relative coking index of these hicn-oxygen western coals was 
‘uteted with the analysis of the cecal by the fcllowing formula: 


Coking index=a+b+cid 
an 
o 


a= 2e/foxygen content on moisture- and ash-free basis, percent. 

= two times the hydrogen/oxyren content on moisture- and ash- 
free ctasis. 

fixed carbon/1.3 x volatile matter. 

heating value on the moist, ash-free basis/13,600. 


ite coalhas an index greater than 1, it is likety that it has some coking 

7 Be: “lomerating propertivs, if the ee 1S more than 1.10, the coal pro- 
cy isafeirly good coking coal. Ail the nonfusing coals with weak coxing 

ne have indexes greater ree 1; as the index increases, the coals 


PO nA ee. 


. ome more strongiy coking or more plastic. 

a British Standard Sweiling tcst anpears to be a good method for 
acting relative coking properties of coal, especially for testing weakly 
“Tang Cals having oxygen contents between 7 and 11 percent on the 

uss ‘te- and ash-free basis. It should have practical vaiue for classi- 
coaing properties of coal in different parts of a mine. Table 6 gives 


smimbers for the coais tested and compares other small laboratory 
“SS Dr coking proverties. 


Ae e 
-s sh 
ra 


ie : s 


We agv:utinatine-value test did not show close correlation with coking 
oe ee 


; criss of these weakly coking high-oxygen western coals. This may be 
cee iniarge part to their sensitivity to oxidation, which greatly affects the 
“vestinsting value. The rate of change of agglutinating value is considera- 
ae i.st-r than the rate of chan ve of coking properties, as indicated ty a 

7 iSdcT EM-AGA coking test in a 10-inch circular retort. Coking tests at 
ee “214 900° C, were made in the vas-fired equipment illustrated in 

— S<d and 30. The unit does not measure or recover byproducts. The 
oe of acating with tangential burners and products of combustion cir- 
me “7 2rournd the retort gave close cortrol of furnace atmosphere and 

: sriure, Tabla 7 Ewes a summary of certain physical properties of 
rom the 28 samples of Western coals. An ¢xperimental 14- 
ton ves OVEN, Ulustrated in figure 31, will be used to determine coking 


eee vt of cozl under conditions six qulating those obtained in commercial 
-Ersduct ovens, 


ae 
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TAPLE 6. - Plastic properties and coking indexes of coals carbonized 


Cal 1B.8.S.T.| Aggluti- | Plastic] Caicu- |Soften- |Maximum| Combined 
Oy nating index | lated jing point, | plasti- cokin 
value coking; “C. city index 
index " 
1) | ¢ 3 4 5 € di 8 
13¢-1 | 8.5 8.4 5.0 | 1.80 364 410 8.7 
162-21 8.7 eo +. Suet i260 366 401 8.1 
147-1] 7.6 46 | 38.9] 1.42 365 416 6.0 
182-1] 6.5 4.4 Se eo 869 418 5.7 
18-1] 6.7 5.7 At 1 14.29 BYE: 422 5.8 
146-1] 3.5 43 | 38) 121 364 426 4.4 
155-1] 4,75 So 6k PR Pp Las 882 430 4.4 
144-1] 4.0 a5 +. Se) t 364 436 4.2 
143-3} 4,5 3.0 | oe an eee 380 433 3.8 
149-1] 2.6 a8 f* Be 2A0 380 444 3.4 
| , 
150-1] 1.6 oe 4+ So 706 380 448 2.7 
18-1] 3.5 10 + ve} ie 390 435 2.9 
145-1] 9.5 2.0 | 134 | 2.80 386 440 a7 
133-1] 3.25 er 2.8 1 1.00 380 430 | 2.6 
7-1] 3,0 ie 1 464 ae 386 435 2.6 
iL 1 1,0 e2 1.5 | 1.15 377 431 2.5 
140-1] 2.2 at 50 + Tao 384 436 2.4 
158-1) 2.9 | -0.4 | .99 360 ‘set 4a 
LeG-1 | 2.6 -1 -0.6 | 1.01 362 432 1.6 
Led-1) 1.5 0 4 1 1.02 386 429 1.5 
11-1) 1.0 0 -0.5 | 1.02 391 428 1.2 
edeL | 1.5 0 -0.5 | .96 393 430 1.2 
S41] 15 0 oF +. 02 405 432 9 


1/ British Standard Swelling Test, average swelling number of 8 buttons. 
{ Average of British Standard Swelling Number, the agglutinating value, 
the plastic index, and the calculated coking index. 
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TABLE 7. - Coke yield and properties of cokes carbonized in 10-inch modified 


Plus 
Average} 1.06+ | stability | specific | space, |strengt 


sch, |percentl/ rravity |percent|factor’ 
ent ) 


Net 4 
resultant 
coke factory 


5 7 9 
82.6 51.4 0.78 | 60.5 108 0.56 
90.4 4a 87 «| 53.7 ‘ee 56 
91.6 42.0 £5 6 | «456.6 115 58 
87.9 43.2 81 59.1 99 AG 
93.3 42.7 86 | 57.0 116 52 
| | 
88.2 35.7 87 | 58.3 105 47 
ma? | ARB 75 | 59.5 88 41 
S38: | 485 89 | 53.1 106 49 
70.1 46.1 73 | 60.1 71 38 
90.5 39.2 3 | 53.3 114 54 
89.2 | 38.1 87 | 55.8 110 50 
59.3 42.0 . n 59 32 
68.2 42.2 78 | 58.3 67 38 
52.6 ‘| 45.3 73 | 59.2 54 3] 
61.6 46.8 71 | 61.6 68 - 35 
74.5 13.3 8] 55.2. 74 38 
72.3 | 44.8 76 | 58.7 72 £39 
55.1 | 35.0 75 | 59.0 51 20 
57.9 38.7 69 | 62.1 55 24 
51.4 42.4 72 54 28 
29.0 29.8 86 3 iB 
52.2 39.5 93 53 23 
99.9 37.3 88 39 14 


1/ 100 x average size of tumbler resultant, in inches, / average size of 
tumbler charge, in inches. 

2/ Modified coke-strength index for coke from 10-inch BM-AGA retort = 
cumulative percentage retained on 1.5-inch screen analysis x 0.284 + 
cumulative percentage retained on 1.06-inch screen analysis x 0.202 - 
cumulative percentage retained on 0.265-inch tumbler test x 0.259 + 
cumulative percentage retained on 1.08-inch tumbler x 0.902 + (size 
stability) x 0.269. This is based upon method of L. D. Schmidt (Iron 
and Steel Engineer, vol. 18, No. 3, 1941, pp. 67-70). 

3/ Net resultant coke factor = ash-free coke yield, percent, x average size? 
stability / 10,000. 
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The Dlastic index was determined by a device of the Foxwell type 
ui.strated in figure 32, 


Taz investigation indicated that any coal having less than 10.5 per- 
cont oxycen on the moisture- and ash-free basis can be niade to coke, - 
rcvided the rate and temperature of carbonization is high enough. It 
‘sfrom studies of coal now coked in byproduct ovens at Provo, Utah, 


wat coais havinc more than 10 percent oxygen will not make satisfactory 
cis under present conditions of cornmercial operation. 


We enw 


Qrrna 
ALLE 
' A 
Ww 


Most of the stronger-coking ccals of the Rocky Mountain recion are 
ound near Trinidad, in southern Colorado, and in the Raton district of 
norchern New Mexico. Most of the western slope coais are high in oxygen 
ar weakiy coking. However, a few-beds in limited areas may be suitable 


-Peommercial use. 


Coal from the Sunnyside district in Carbon County, Utah, is considered 
nfor comparison of coking vireperties of high-oxygen coking coals. 
---5 COalis a borderline coking coai for present commercial byproduct 
core ees Tne coke produced is s:nall and contains many lateral and 
verse fractures. However, it is hard and is used successfully in 
se reeds 


s of Alaskan Coals 


a> semrerature Carbonization Asse 


ine AS the fuel-oi] requirements of Alaska have increased greatly because 

ie oe "ar, the possibility of increasing the available supply by using tar 

pte tom the carbonization of ccal was investigated. Low-temperature 
ate es assays were made of three subbitruminous coals of the Broad 

Nenana districts and two biturminous coals of the Matanuska dis- 

ci Alaska, The results showed that the biturainous coals will cive 

| i aes Yields of tar and oil as high as 28 gallons per ton of coal, 

“3 Lie subbituminous coals will yield up to 16 gallons per ton. 


Corbonizat: : 
~==swulzation Assays of Peruvian Coals 


At the request of the Feruvian government, two samples of high- 
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h) 
ef) 
raw) 
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oe, 
en 
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i sib coal from Peru were tested by the United States Steel 
ie ba °n high-temperature distillation test and the Fischer low- 
is ~Petature Carbonization assay to determine their suitability for mnaking 


FD Or 
om wy \) 


nf fa - he of the coais proved to be noncoking, and the other gave a coke 
meet Qaity, ‘The byproduct yields were normal for coals of their rank, 


10084 
~ 49. 


Google 


[Ca tai 


Better Coke Improves Pig-Iron Frotuction 


The highly mechanized character of modern warfare makes steel 
one of the most vital raw materials. The shortage of steel scrap in the 
United States is forcing the use of greater quantities of pig iron in steel 
manufacture, so that the rate of pig-iron outnut will continue to be the ccn- 
trolling factor in steel production. At the same time, the construction of 
new blast furnaces is limited by both time and the amount cf strategic 
material available. Under such circumstances, every effort must be made 
to attain and then maintain maximum fpig-iron output with equipment now 
in use. 


When forcing a blast furnace to the ultimate in production, the highes’ 
standards for quality and uniformity of the coke must be maintained. In 
view of these facts, the Bureau of Mines, in cooperation with the Office cf 
the Solid Fuels Coordinator for War, is surveying the ccke industry to stuc 
the various steps in producing coke of high quality and greater unifermity. ‘ 
The engineers cenducting the survey are visiting key men in coke-oven 
and biast-furnace organizations to determine, first, the major and most 
common problems in coke prceducticn and use, and, second, the best and 
quickest methods for solving them. It is the purpose of the survey and 
subsequent reports to facilitate such exchange of information.08/ 


As an outgrowth of the survey y, it was scon revealed that many opera 
tors could be helped by cooperation with various Government agencies, 
particularly to procure suitable coals, minor additions to equipment faci- 
lities, testing facilities for certain properties of coal or coke, and advice 
concerning the: operation of various tyres of equipment. Many coke plants 
have improved the quality of their blast-furnace coke by increasing the 
proportion of low-volatiie coal in the blend charred to the ovens. To aid 
operators in selecting low- and medium-volatiie coals for blending with 
their high-volatile coals for greater coke strength, the data shown in table 
and figure 33 were prepared. On the average for the many different blend 
shown, the use of 20 percent by weight of low-or medium-volatile coal 
increases the strength of coke py about 9 percent. The strength of coke 
produced from one high-volatile coa! was increased by 46 percent by 
blending it with 20 percent cf low-voiatile cnal. 


olf Fieldner, A. C., Better Coke for More Pig-iron Production: Rlast 
Furnace and Steel Flant, vol. 30, No. 11, Nov. 1942, pp. 1279-1281, 
1306-13807. | 

58/ Schmidt, L. D., Schroeder, W.C., and Fieldner, A. C., Increased ix 
iron Output Through improved Coke: Bureau cf Mines Rept. of 
Investigations 3711, 1948, 58 pn. 
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Average for various low (or medium) 
volatile coals with various high volatile coals 
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Average for various low (or medium) 
volatile coals with Pittsburgh bed coal 
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INCREASE IN COKE STRENGTH INDEX, PERCENT 
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PERCENT BY WEIGHT OF LOW (OR MEDIUM) VOLATILE COAL 


Figure 33.5 Increasing the strength of coke by blending low- lor medium—) 
volatile coals with high-volatile coals. 
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and renlacements; (1) hign an inercasiny ash and sulfur centent of ccal a5 
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ned in many ficlhis; and (5) ae es uniformity of coke reeause2 cf (2) 
varianiiity of ash, sulfur, and moisture content, (1:) variability and inadec:. 
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sonsity Crus coke-ovel Cnare®; Coking Tani sro trey Corning tno; techni. 
Op CUCNSnINe, AN 226 qual COKe=SiCrare Suece,. suUerecuons are mace ior 
soiving each of aes protiems, 
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aes IMCTOUS Test euINGS Tuat have won aeVvISed. tor measurine 
ie Pia Clic a SYe LIne PYOueriies Glia mus Corie Cogs Nave teen 
Geirre a iv reviowed, and the test Get ga have boen intercreted in practical 


arclications to the important problems involved in the coking process.ce/ 


‘EHO Present Statue Of test meus S19 MISeCurin te tne Vlasic, ayclutinatir, 
avrlomeratin’, swelling, and exvension-rressure proportics as well as 

other closely related ont stics justifies careful further inv egies 
It c2en sugeestel that the iatest oroep aa Amer ican and eritis! mqethe 


fer determining the 2¢clutinatine Va.iue Om ie Cady it eet - ost 
ing the agglomerating value of coal have reached hich aderrecs of perfectic 
ridences of plasticity in neated coal heave Lean demonstrated by many 
workers. Several different rhecloci ca e0/ VROVeErues Penilest TAS) tso1Ve 
sett LOS UPoCCSs OL COPVertin coal into-s alc ak Oteue ALS net 
aiways possivle to interoret the observed shenomena clearly in rheo.ogi 
est methcds for measuring the pias tic. A untnic : ae 
, line oroperties of titumincus coals have been classified ana 
‘iegete accordint to reneral test principles used for their dcterminati: 
ef absolute methods cf measuring plasticity cf coal shouid be 
Tne eiaborate eras and precise technique required hav. 
acvainst the adoption of suck methods as routine tests in mcst 
st elenaenie ries. Direct observation-test metnous otten afford valuable per- 
ceptions of the phenomenon associated with the conversion of csal into 
ie observations of heated coal five 
s. Absorption and 
riveratures by can 
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oo/ Prewcr, R. E., Piastic and Swelling :-ropnerties of Bituminous Cokir 


a) 
Coals: Eureau at Mines Bul. ¢35) 1940, 2u0 Crs 
60/ Rheclory is the science treating of the deforriation and flow of matt 
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nt rank arpear to he related te their coking properties. Laboratory 


ay iests of coas with an inert material (a ee tests) and of coal 
> (asclomerating tests) nave been used widely. cn tests give data 
* aiehoney: 


lassifying coals for various purnoses ie rrneet -h these tests have 
ev lirnited application for certain tyres of coals. Larcer- - scale box 
ees ile tests are more directiy anplicabie to cote-clant orcbiems 


Tae ext ensively used dilatometer and penetrometer test methods 


20 “9; 


“ain.y In the area and weight of that Contin vi of the apparatus that 


sonthe coal charge, These methods sive a rood measure of the pre- 


dace 


“ating (initial-contraction) and fusion (initial-exnansion or initial- 
“rairation) temperatures. Gas-flow test methods have been used widely 


eek ah 


ost favor in recent vears because test conditions that will allow 
ale measurement of characteristic temperatures and corresrconding 
7 SSITES uove ly cannct Le ranintained. In the vertical-tube type of test, 
“2 Hght ofl and tar are refluxcd and fail back upon the charge, thus partly 
‘rerletely sealing it. The tamrerature of maximum resistance to gas 
Ss actualy the temperatures at which rlasticity of the cecal ceases, and 

ae temrerature: of maximum plasticity as has often been assumed. 

=ztrusion tests show only whether or not the coal becomes plastic 

“0 flow during ecke formation and do not measure relative plasticity 
Sn periods. Leboratory constant-rressure tests to determine the 
| “ofexpansion (and/or contraction) of a heated coal are in reality 


it np 
; Br} an 
« Ay SS \e 


swelling tests. Th2 so- called “fconstant- volume’’ test methods, 


eae 


“ally allow the coal charge to expand the limited amount considered 
ae bindis strial coke ovens, before the sweliing pressure developed by 
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ae 
a Gt ie 
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ety 
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wo lh 


~~ “Sted charge is measured, more nearly simulate coke-pblant conditions. 
- * darent avolication of test results to plant practice is governed by now 
~ 7 ile conditions chesen in the given test precedure actually simulate 
~~ Erevaliing in the coke oven. The larger-scale swelling-test apparatus 


cama : t Super irnent ‘al test ovens overcome the disadvantage of using very 
ve cae COA] ofa rges 


nom 


___+-aStrernents of the distortion of coke-oven walls under known applied — 
; oe save croved useful in designing cornmercia! ovens. The recent 
“22 trend toward iarge test units and large-scale installations using 

ced heating appears most promising. The carbonization of poorly 

“ang coals under high applied pressure to improve the quality of coke 

fang pocsibilities for the successfui use of low-grade coking coals and 
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tre chemistry of ccking and relationships of plasticity and sweiling- 
Sire data to the different amounts of gas evolved over certain ranges 
- Staratnre are discussed with reference to coke-oven and coal-gas-plant 
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Cueralions. uu Glese Te.atlIne le Clweol, Characterishic tomperatires 
of plasticity an 4 initial ¢ .eCr eee of coal was pointed out. a 
treatments, such 2s preneatine, different aerate of heating, pressur 
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hydrogenation, and metheas $ for c reaucing the sweiiing pressure of aa 
have been reviewed, 


HYD AOA Oe dey ACN 
Pi eChOL 2 Our re CC Oi aileron, i Sr Cen. 


Lhe petrograrhic and chemics: data on th. effec 
Conlon is hdr eanstion characteristics, obtained by the anal 
hydrocenation in smali autocieves of a larzve number cf s ces 
of the imrortant coal beds of tne United Stat es, have been oreseni teq £1 
Petre Tarnic Chari etion nas Caen isind Vscral 1oF Sredictiw tice resil 
acludily inert 1o-Conpinieus hydrororatio The criteria to be used li: 
determ:inine’ rari rom 1S, WRTIPar Tie ee Te Ber PoC ill cs DIUM IOUG cat 
bin ineus; Or dionizic,) end pang (that iSy whic ae ier the coal is bright, semi 
splint, sulint, cann2i, ae DOC BA) ere Biers". “The patrceraphic con 
stituents of coal (anth PaxGlon Cr Vitwai Sarit, dustry. Seores,. and res: 
are described and illustrated, and these coranositions of the various tyne: 
of coal are specified, 


Chemical raethods of classifyins coals inte-tyres end Icrmulas, bac 
ubon the provimate and ultimate ane® EIS, are presented. Outstanding re 
sults indicats that brisnt ccals containing icss than €8 nercent carbon hy: 
gonate readily, whereas dull enals containing a large quantity of ine 8 
etter Viel rein iively Stile oils ‘Que tiik oe Ad NIN NVGrOeenalion 
PEP tenis Were eae. 2) eamipice Tine wor either ar peor ene 
coal cr mixtures COMER NING VAROWN Pro Ori ons s of constituents. Hydrore: 
tion tests were conhicted in sinall rotating autoclaves of about 1-liter 
canacity. In general, tre conditions tnat oe more desirable in exper: 
ments With subbituriincus and lignitic coals as comrared with higher-raz 
conls were higher bressures and lewer temporetures. For coals contain 
iess than aoe G2 percent carbon, the yield of carbon dioxide increases 
ranidiy with decreasing rank of the coal. The increased eiiminction cf 
oxyfen as ear ee dioxide accounts for the fact that low-rank coals do nat 
require much more hydrocen than do high-velatile bituminous coals. 


A study of splint coals en vntainin PO PL MCCA CiC a ete of opaque 
matter shows that 40 to SO percent of the araque attritus liquefies, the 


tJ 


61/ Fisher, C. H., Sprunkx, G. C., Bisner, 4., O’Donnell, H. J., Clarke, 
and Storch, tw Hy Hydreeonetion dad) Liqueiterien of Coal, pari 2 
Effect of etrogra ue Composition anc Nank or-Coal urea ‘or } 
Tech, Paper 6 G42 , 1942, 162 oc. Abstracted in Oil and Gas Jour., v 
41, No, 87, 1948, pp. 40.-47 
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Ce hee 


Hydrovena- 
at ee fusains indicates thet 10 to 56 percent of the fusain will 


ofenation. Spores, resins, and oil alcae that occur in 
Cy Une eer a a, 
‘conditions, possibtiy because cf the re ree rereauntce of 

ee rye ocarbons. Data are nct yet availatie te indiernte wnethar the 
m icw-vclatile bituminous ca! to ee oa ig accorarsnicd 
Cots 


Characterization of Assey7 OCiis 


:n8 experience of research chemists attempting to isolate and 


‘ermine the constituents of netraleum has shown that to analyze sucn 
“Secearbon mixtures is very difficult. The products obtained by hydro- 
Are SOMCWROU Si olor tha nature petroicunt, but their 
ce a task of Simailar crovucriions. A preliminary rerort 
es cf coal-hydrorennticn oiis.2¢/ The results indiceta 


a oe into various types of hydrocarbons by solvent fractiona- 


efficient fractionation by distillation will ke 


and efter extraction 


vercent Sulfuric acid), sulfuric acid solubility, and ens and 
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f those boilinc above 200° C. are inscluvie in 98 percent sulfuric acid. 
“200 rentiy consist in the main of narhthenic compounds such as alkyl- 
eeenes (saturated alkyl- 
Lares Hortions OL DrencieG Nexans, C: yclopentane, 
clonentane, and cyclohexane are apnerent in the 50° to 86° C. 
er fractions contained Pee sd-chain para tak. benze! 


ey 
“y wyaenes, and reactive olefins that form peroxides upen distiiletion. 


mancs, alkyicyciohexanes, and alkyivicyclad 
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Chemistry of Ccal-Fydrovenntion FR 


eactions 


ie “1cPous experiments in small autoclaves have shown the importance 
yimgen “carriers”? in the primary liquefaction of coal. These carriers 


reeromatic cornpounds that transfer hydrogen to fragments of the 


eae 2s when the latter a are in the process of “‘cracking’’ because 
he Chiet Dinctron, Of the cetalyat and Pee eon 


ure is to increase tne rate of regeneration cf these hyarevcn 


ause of the importance of this hydrogen-transfer reaction in 
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./ Hirst, L. L.,Eisner, A., Field, J. o., Cooy 
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ers oa M., Abernethy, F ive iis 
and Storch, H. H., Hydrogenation and Liquefaction of Coal. Fart 3. 


Characterization of Assay Oils: Bureau of Mines Tech. Paper 646, 
1942, 27 pv. Dd 


Google 


cecal hydrogenation and because of the very scanty inforzantion nvailenis 
COnGerning SUCH Pesetions, Typica) Tre2cUiens. With Pure Sulstances, cuck 
as the anthracene-nydroanthracenes combination, are now beine studied, 
DVRUNC StS Olu yay Cars Ie Neer Gas 

In 1928 to 1930, the Bureau of Mines develoned an active iron-coprer 
catalyst for the Fischer-Tropsch process cf synthesis of higner hydro- 
carcons (gasoline, Diesel oil, and paraffin wax) from water mas. Recause 
of lack of funds, this research was discontinued. In 1942 funds were ap- 
propriated by Convress for further experimertal work on this process. 
About 5 months of exnerizmenta: work on iron and ccbait catalysts has been 
completed in the six laboratory catalyst testing units. (See fics, 04 and &.) 
iMothods for the preparation and reactivation of iron cataiysts have been 
develoned. One iron cataiyst has been in overation for three montns and 
has shown no loss in activity. The iron cata.ysts yield a highly oletzinic 
product and a larger proportion of solid paraffins than is obtained with tre 
cobalt catalyst. A standard ccbelt-thoria-kieselzunr catalyst such as is 
in use in industrial-scale plants in Germary nas beer: in service for 9 
rionths. With periodic scrubbing with hydrogen to remove wax, this 
catalyst has shown only little deterioration in activity, Cheaper methods 
ct preparation of cobalt catalysts nave been investigated, and a very 
promising methed has been deveioped. 


Receearch on Water-Ges Froduction 


Interpretation of available data on the steam-carbon reaction corro- 
borated the reneraiiy accepted conclusions that the crimary products are 
carbon monexide and hydrogen, and that carbon dicxide is formed sukse- 
quently by way of the water-~as reaction. It is probabie that the rate ol 
gcasification of the carbon is contralicd by the rate of reaction of the ab- 
sorbed film of steam, and that a steam-saturation pressure exists above 
which the rate cf gasification of a given carbon at constant temperature 
remains constant with increasing steam pressure. Apvaratus has oeen 
installed to measure the gasification rate over a wide pressure range. 


Inspection cf Enclisn Coal-Hycirorenation Plant 


In May 1948, during a six weeks’ tric te England made at the suggest 
ofa Subcommittee of the Committee on Mines and Mining of the House oi 
Representatives, 3/ Dr: He Hu Storen, SUborvisine chemist, Ccal Liqueiact 


en. ne ee ee 


68/ Hearings on “‘Froduction of Gasoline from Coal’’ before a subcommitt 
of the committee on mines and mining, House of Representatives, 
77th Cong. 2d Sess., 1942. Statement of A. C. Fieldner, pp. 2-17, 
30-31; statement of H. H. Sterch, pp. 38-44. 
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Figure 34.- Catalyst testing units. 
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Figure 35.- Catalyst 
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ical Chemistry Section, and Dr. W. C. Schroeder, assistant chief, 
_ =xpiosives Service, ootained informaticn concerning the desien 
ition of tne industrial-size coal-hydrogenaiion plant at Billincham 
s of laboratory research on the Fischer- 
ue Fuel Research Station. 
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Tropsch process conducted 
The informaticn from Inperial Chem- 
at Eilllingham shows that although the data obtained in ex- 
ants such as that now at Pittsburgh constitute a valuable index 
“ne croka ! e behavior of any particular coal, tis resuits cannot be safely 
snrapolated to an cperation of commercial size. 
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oynthetic-Rubber Production 


Commercial production of 
otrer materials in the United 


oheg i“ 


synthetic rubber from coal, petroleum, 
states became a reality in 1981 with the 
“duction of Duprene, a synthetic rubber made by polymerizing chloro- 
ene ef D Duprene was later improved and reintroduced as Neoprene. 
ee Thiokol, Bune S, Ferbunan, Koroseal, Vistanex, Flamenol, 
--2tpol or Hycar, Chemigum, Eutyl rubber, and Flexon have been an- 
oe and are produced commercially or are in the pilot-plant stage in 
ae ns Suantry, All of these cornnounds possess some of the physical proper- 
*<Tnatural rubber, and in addition usuaily have son e outstanding rro- 
thy not icurd in natural rubber that makes them superior for certain 
*S, oynthetic-rubber production in other countries began about 1934. 
“any has announced the Buna rubbers Onpanol and Ferduran. SKA, 
,énd Sovprene were developed in Russia. Ker came from Poland, 
- <tte from Belgium, Mustone and Thicnits from Japan, and Vulcaplas 
“England, The synthetic-rubber production program in the United 
“as been enlarged from actual production of 17,000 long tons in 1941 
‘4rncd annual production of approximately 900,000 tons. 
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ACCOrding 
endations of the Baruch Committee, this will pe made un of 


- sre (60,000 tons), Butyl rubber (132,000 tons), Buna S ($45,000 tons), 
, shlovol (0, O00 tons). General informatior regarding the chemistry 


“-ysieal properties of the synthetic rubbers produced commercialls y 
- United States and other countries is catalogued for quick reference. 


os se 1escriptions of actual polymerization operations are not numerous 
“terature on synthetic rubber technology 
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_ ‘sutadiene (HoC=CH-CH=CH ) is the most important of the raw matee 
3 Sfer synthetic rubber under the present production program. ‘Tne > 

cnt Commercial sources of butadiene are petroleum and petroleum 
mn88, ¢ 


cal or cok2 and limestone, ethy: alcohol, and butylene glycol made 
a LoniAen, We C., synthetic Rubber, Its F ‘eoduction from Petroleum, Coal, 
eae 


ard Other Materials: Bureau of Mines Inf. Cire. 7242, 1948, 34 pp. 
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by special fermentation of grain. It is produced by thermal cracking at 
high temperatures, direct catalytic dzhydrogenation of butanes and butenes, 
from acetylene formed by pyrolysis of natural gas or by cenversion to 
vinylacetylene and hydrogenation, or from alcohcl manufactured from 
ethylene. Styrene (CgiH,CH=CHig) is manufactured by catalytically dehy- 
drcezenatines ethyl benzene produced from benzene and ethylene or ethyl 
alcohol. Acrylonitrile (HoC=CHC=N) is made by treating ethylene with 
hypochlorous acid to give ethylene chlorohydrin, which reacts with sodium 
cyanide to give hydracrylic nitrile, from which acrylonitrile is obtained by 
dehydration. Calcium carbide, made from lime and ccke in a high- 
temperature electric furnace, givcs acetylene when treated with water. 
Vinylacetylene, formed by polymerization of two molecuies of acetyiens, 
is treated with hydrochloric acid to give chloroprene (HoC=CH-CCl=Chg). 
Isoprene and dimethylbutadiene are not now of any Significance. Isobutylen 
(Tip C=C-(CEg)g) is the principal ingredient in the manufacture of Butyl 
rubber and also is an imrortant material in the manufacture of high-octane 
easoline. Alkali polysulfides used in Thiokol and the like are made from — 
sulfur and alkali. ‘he organic dinalides are mace by helogenation cf or- 
ganic products. Vinyl chloride (H.,C=CHCl) is produced commercially by 
any of three methods: (1) Catalytié combination of acetylene and hydrogen 
chloride, (2) chlorination of ethylene to ethylene dichloride and partial de- 
hydrchalogenation by treatment with aicohclic caustic, or (8) vapor-crackh 
eliylene dichiorids. 


Knowledge of the explosion hazards of combustible gases and liquids 
used in the manufacture cf synthetic rubber is especilaily important at 
present, because they play an important roils in the general procram of 
national defense. A report has been made ¢iving the resuits of numerous 
experiments to establish the limits of inflammebility of butadiene-air 
mixturss to which various proportions of nitrogen and carbon dioxid2 wer: 
edded 22/ Tne limits of inflammability of butadiene in air were first deter 
rnined and found to be 2.00 percent for the lower and 11.50 percent for tic 
upper limit of inflammability. At icast 19.5 volumes of nitrogen must be 
added to cach volume cf butadicne to make all mixtures with air nonin- 
flammable. Only 12.1 volumes of carbon dioxide were required to make 
ali rixtures with air noninflammable. The resuits scem to confirm ths 
conclusion that the effect of nitrogen and carbon dioxide in extinguishing 
flames is due largely to their heat capacity. 


G5/ Jones, G. W.,.and Kennedy, R. EB. Prevention of Eutadiene-air Explo- 


Lee 
Sions by Addition of Nitrogen and Carbon Dioxide: Bureau of Mines 
Kept. of Investigations $691, 1€48, 11 or. 
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